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REVISER'S  PREFACE  TO  THIRD  EDITION. 


The  volume  now  issued  exhibits  considerable  difference  from 
the  preceding  edition,  the  first  part  of  which  was  occupied  with  a 
description  of  the  Aromatic  Acids.  This  subject  has  been  trans-* 
ferred  to  another  volume,  leaving  the  present  one  to  deal  solely 
with  the  Tannins,  Coloring  Matters  and  Writing  Inks.  Both 
of  these  sections  have  been  elaborated  to  a  considerable  extent, 
necessitating  the  rewriting  of  a  great  deal  of  the  old  material  and 
the  extensive  addition  of  new  matter. 

The  chapter  on  Tannins  has  been  amplified  with  descriptions  of 
new  tannin  materials  and  several  new  methods  of  analysis.  It  is 
to  be  regretted,  however,  that  our  knowledge  of  tannin-analysis  is 
still  in  such  an  unsatisfactory  condition,  that  scarcely  any  two 
methods  give  results  which  are  concordant. 

The  chapter  on  Dyes  and  Coloring  Matters  has  been  greatly 
changed  in  its  arrangement,  and  has  been  almost  doubled  in  the 
amount  of  matter  presented.  The  classification  "adopted  in  the 
former  edition  was  found  to  be  inadequate  to  the  requirements  of  a 
branch  of  Applied  Chemistry  which  has  been  remarkably  produc- 
tive during  the  past  decade,  and  has  been  modified  accordingly. 
Wherever  possible,  reactions  have  been  tabulated  for  the  purpose 
of  avoiding  needless  repetition  and  verbiage,  a  method  which  also 
facilitates  reference  for  analytical  purposes. 
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It  has  been  impracticable  to  submit  either  the  manuscript  or 
proof-sheets  to  Mr.  Allen,  but  his  co-operation  has  been  secured  in 
other  respects,  and  the  reviser  is  indebted  to  him  for  a  large 
number  of  notes,  references,  and  clippings,  which  have  been  duly 
utilized. 

Philadelphia  Textile  School, 
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TANNINS. 


Under  the  name  of  Tannin  or  Tannic  Acid  are  known,  and  to  a 
great  extent  confused,  a  considerable  number  of  vegetable  acids 
having  great  analogy  to  each  other,  but  possessing  distinct  indi- 
vidualit3^  The  different  varieties  of  tannin  or  tannic  acid  agree 
in  the  following  general  properties: — 

Description  and  General  Properties  of  Tannins. 

Tannic  Acids  are  compounds  of  carbon,  hydrogen  and  oxygen 
containing  a  benzene  nucleus.  They  are  amorphous  or  sub-crys- 
talline solids  of  astringent  taste,  not  fusible  or  volatile,  more  or 
less  soluble  in  water,  and  freely  so  in  alcohol,  or  a  mixture  of  al- 
cohol and  ether,  and  notably  in  ethyl  acetate.  They  are  nearly 
insoluble  in  dry  ether,  and  quite  so  in  chloroform,  benzene,  petro- 
leum spirit,  and  carbon  disulphide.  The  tannins  are  generally 
but  little  soluble  in  dilute  sulphuric  acid.  Their  aqueous  solutions 
give  blue-black  or  green  colorations  or  precipitates  with  ferric  salts, 
and  are  all  precipitated  by  the  acetates  of  lead  and  copper  and  by 
stannous  chloride.  Some  tannins  are  precipitated  by  tartar- emetic 
and  by  mineral  acids.  In  some  cases  tannin  combines  with  the 
base  only,  but  in  others,  as  when  cupric  acetate  is  employed,  the 
salt  enters  into  combination  as  a  whole.  With  a  solution  of  gela- 
tin, the  tannic  acids  give  precipitates  analogous  to  leather,  quite 
insoluble  in  presence  of  excess  of  tannic  acid,  but  not  wholly  in- 
soluble in  pure  water.  Tannic  acids,  or  most  of  them,  can  be 
completely  removed  from  their  aqueous  solutions  by  the  introduc- 
tion of  skin  or  rasped  hide.  The  tannic  acids  are  also  removed 
from  solution  by  digestion  with  cupric  or  zinc  oxide,  and  they  re- 
duce Fehling's  solution  on  heating.  A  delicate  reaction  for  tan- 
nins (first  noticed  by  the  author  and  apparently  general)  is  the 
deep  red  color  produced  on  treating  a  solution  with  potassium  fer- 
ricyanide  mixed  with  ammonia.  Tannic  acids  give  insoluble  pre- 
cipitates with  many  organic  bases,  the  rosaniline  and  cinchonine 
2  (17) 
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precipitates  being  among  the  least  soluble;  but  it  is  frequently  ob- 
servable that  an  alkaloid  and  a  tannin  which  occur  together  in  the 
same  plant  do  not  combine  together  to  form  an  insoluble  com- 
pound. 

The  most  characteristic  property  of  the  tannins  is  the  formation, 
by  combinations  with  gelatin  and  gelatin-forming  tissues,  of  the 
insoluble  compounds  which  constitute  leather. 

All  natural  tannins  are  powerful  reducing  agents,  and  exhibit  a 
marked  tendency  to  absorb  oxygen,  especially  in  alkaline  solution. 
The  oxidation-products  are  often  strongly  colored. 

Extraction  of  Tannins. 

The  different  natural  tannins  exhibit  such  differences,  in  their 
chemical  reactions  and  behavior  with  solvents,  that  it  is  not  possi- 
ble to  give  a  general  rule  for  their  extraction  in  a  state  of  purity. 
The  following  notes  indicate  the  nature  of  the  methods  to  be  pur- 
sued:— 

The  method  of  Pelouze  for  the  preparation  of  gallotannic 
acid  from  gall-nuts  is  as  follows : — The  powdered  substance  is  ex- 
hausted with  ordinary  ether  containing  alcohol  and  water.  On 
standing,  the  liquid  separates  into  two  layers,  the  lower  of  which 
contains  tolerably  pure  gallotannic  acid,  while  the  upper  ethereal 
layer' retains  the  gallic  acid.  The  tannin  obtained  by  separating 
and  evaporating  the  lower  layer  may  be  further  purified  by  dissolv- 
ing it  in  water  and  adding  to  the  solution  twice  its  measure  of 
ether,  when  three  layers  are  formed,  the  lowest  of  w^hich  contains 
nearly  pure  gallotannic  acid.  This  solution  is  drawn  off,  and  crys- 
tals of  magnesium  sulphate  are  added  to  remove  the  excess  of 
water.    The  ethereal  solution  is  then  evaporated  to  dryness. 

A  more  generally  applicable  process  of  extracting  tannins  is  the 
following: — The  finely  divided  substance  is  exhausted  by  treat- 
ment with  rectified  spirit,  the  solution  filtered,  and  evaporated  to 
a  small  bulk  at  as  low  a  temperature  as  possible  (preferably  under 
diminished  pressure).  The  extract  is  treated  at  once  with  a  con- 
siderable proportion  of  cold  water,  the  liquid  filtered  and  fraction- 
ally precipitated  with  acetate  of  lead.  The  first  and  last  fractions 
should  be  rejected,  as  they  are  usually  contaminated  with  color- 
ing matters  and  other  foreign  substances.  The  tannate  of  lead  is 
washed  as  rapidly  as  possible,  suspended  in  water,  and  decom- 
posed by  sulphuretted  hydrogen.  The  filtrate  is  shaken  with 
ether  to  remove  gallic  acid,  separated  from  the  ethereal  layer,  and 
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evaporated  in  a  partial  vacuum  to  the  consistence  of  a  thin  syrup. 
The  remaining  water  should  be  removed  by  exposure  over  sul- 
phuric acid  at  the  ordinary  temperature. 

Schroeder  and  B a r t e  1  have  investigated  the  effect  of  prolonged 
boiling  in  the  extraction  of  tannins.  They  conclude  that  if  a  suf- 
ficient quantity  of  water  is  used  only  a  few  hours  of  boiling  are 
necessary  to  extract  the  largest  part  of  the  tannin,  succeeding  ex- 
tractions only  drawing  traces  of  tannin  from  the  residue.  Pro- 
longed boiling  causes  more  non-tannins  to  be  dissolved,  therefore 
it  is  not  advisable  to  push  the  extraction  too  far,  as  the  quality  of 
the  whole  product  will  be  deteriorated  by  the  non-tannin  constitu- 
ents. 

Parker  (J.  S.  C.  I.  1898,  106)  shows  that  by  extracting  a 
material  for  a  long  time  at  a  low  temperature,  and  afterwards  the 
same  material  at  a  higher  temperature,  it  may  be  possible  to  iso- 
late the  different  tannic  acids.  It  was  also  noticed  that  boiling 
the  material  not  only  causes  a  loss  of  tannin,  but  also  darkens  the 
color  very  much.  Between  60°  and  90°  C.  seem  to  be  the  best 
temperatures  for  the  extraction  of  tannins. 

Many  tannins  {e.  g.,  sumac-tannin  and  ratanhia- tannin)  may 
be  purified  by  agitating  with  ether  to  remove  gallic  acid,  saturating 
the  concentrated  aqueous  solution  with  common  salt,  and  agitating 
it  with  acetic  ether,  which  removes  the  tannin. 

Some  tannins  (e.  g.^  hop-  and  alder-tannin)  are  stated  to  be  in- 
soluble in  water  after  isolation,  the  change  being  probably  due  to 
partial  decomposition.  When  the  presence  of  such  tannins  is  an- 
ticipated, the  lead  precipitate  should  be  suspended  in  alcohol  in- 
stead of  water,  before  decomposing  it  with  sulphuretted  hydrogen. 

Many  other  vegetable  bodies  besides  tannins  are  precipitable  by 
lead  acetate,  but  they  are  commonly  insoluble  in  cold  water. 

It  not  infrequently  happens  that  a  single  plant  contains  two  or 
more  tannins.  Thus  both  oak-  and  willow-bark  contain  a  little 
gallotannic  acid  in  addition  to  their  own  peculiar  tannins;  and 
myrabolams  and  divi-divi  contain  both  gallotannic  and  ellagitan- 
nic  acids.  The  existence  of  several  tannins  may  be  detected  in 
some  cases  by  fractional  precipitation  with  lead  acetate,  and  in 
others  by  examining  the  products  of  the  action  of  dilute  acid. 
Thus,  oak-red  produced  from  quercitannic  acid  is  not  removed  by 
agitating  the  liquid  with  ether,  while  the  gallic  acid  produced  from 
the  co-existent  gallotannic  acid  is  dissolved  by  the  same  men- 
struum. 
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From  the  estimation  of  the  amount  of  tannin  in  leaves  under 
various  conditions  of  light  and  shade,  it  has  been  shown  (G. 
K  r  a  u  s  ,  Jour.  Franklin  Inst,  1889)  that  light  and  carbon  dioxide 
are  essential  agents  in  the  production  of  tannin  in  the  plant. 
Leaves  which  are  not  gieen  are  not  capable  of  producing  tannin. 
The  tannin  made  in  the  leaves  passes  into  the  branches  and  roots, 
and  there  is  no  evidence  to  show  that  it  undergoes  any  further 
change.  It  is  not  yet  known  whether  tannin  is  produced  from 
non-nitrogenous  substances,  or  whether  it  is  formed  in  the  conver- 
sion of  nitrogenous  compounds  into  albuminoids. 

Constitution  of  Natural  Tannins. 

From  the  tanner's  point  of  view,  the  natural  tannins  may  be 
arranged  in  two  great  classes,  namely,  those  which  produce  a 
"bloom,"  or  fawn-coloured  deposit,  on  leather,  and  those  which 
do  not.  The  tannins  giving  a  bloom  to  leather  give  a  blue-black 
coloration  with  ferric  acetate,  while  the  others  afford  a  green  colour 
with  the  same  reagent.  To  the  first  of  these  classes  belong  the 
tannins  of  gall-nuts,  myrabolams,  divi-divi,  sumach,  valonia,  and 
oak-bark,  while  the  second  includes  the  tannins  of  catechu,  hem- 
lock, larch,  ratanhia,  mangrove,  and  all  the  varieties  of  mimOsa. 
The  production  of  the  "bloom"  is  in  most  cases  due  to  the  for- 
mation of  ell  agio  acid,  Cj^HgOg,  a  body  allied  to  gallic 
acid,  C^HgOg,  of  which  most  of  the  tannins  of  the  first  group 
may  be  considered  to  be  derivatives.  The  tannins  of  oak-bark 
and  valonia  are  either  mixtures  of  two  distinct  tannins  or  of  ano- 
malous character,  for  they  yield  both  gallic  acid  and  protocate- 
chuic  acid,  C^H^Oj  while  all  the  tannins  which  give  a  green  reac- 
tion with  ferric  acetate  are  derivatives  of  the  latter  of  these  acids. 
These  again  may  be  divided  into  tannins  which  yield  acetic  or 
some  other  fatty  acid  on  fusion  with  potash,  and  those  which 
yield  phloroglucol,  CgH^Og. 

It  has  been  shown  by  H.  Schiff'  that  the  ordinary  tannin  of 
galls  (gallotannic  acid)  is  in  great  part  a  glucoside,  and  that  under 
the  influence  of  dilute  acids,  or  of  a  peculiar  nitrogenous  ferment 
called  pectase,  it  splits  up  into  glucose  and  gallic  acid,  thus: — 

^  Owing  to  the  optical  activity  of  commercial  tannin,  ScliifT  snq'rrested  a  formula 
by  which  the  substance  is  represented  as  containing  an  asymmetric  carbon  atom. 
W  a  1  d  e  n '  s  experiments  ( Ber.  xxx.  3151 ) ,  however,  show  that  commercial  tannin 
is  not  only  a  mixture,  but  also  varies  in  composition,  and,  therefore,  its  optical 
behavior  cannot  be  used  in  a  theory  regarding  its  structure. 
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+  4Hp  =  C,H,,Og  -r  4071-1,05.  Many  other  of  the  natural 
tannins  also  furnish  glucose  by  the  action  of  dilute  acids,  but 
in  some  cases  the  change  occurs  with  much  less  facility  than  is 
usual  with  glucosides.  Hence  it  has  been  suggested  by  H  la  si  e- 
w  e  t  z  that  the  tannins  are  not  true  glucosides,  but  bodies  which 
would  be  more  correctly  regarded  as  gummides  or  dextrides,^  and 
hence  that  the  formation  of  glucose  by  the  action  of  dilute  acids  is 
due  merely  to  a  secondary  action  on  the  gum  or  dextrin.  Some 
of  the  natural  tannins  certainly  yield  no  glucose  by  the  action  of 
dilute  acid,  and  in  other  cases  its  formation  is  still  an  open  ques- 
tion. 

The  arrangement  of  natural  tannins  into  classes  is  therefore 
based  on  the  products  they  yield: — (1)  when  heated  alone,  (2) 
when  heated  with  dilute  acid,  and  (3)  when  fused  with  caustic 
alkah.  The  characteristic  products  obtained  by  heating  tannins 
alone  are  pyrogallol  and  catechol;  by  heating  with  dilute 
acids,  glucose,  gallic  acid,  ellagic  acid,  and  insoluble 
amorphous  anhydrides  called  phlobaphenes;  and  by  fusion 
with  caustic  alkali,  pyrogallol,  protocatechuic  acid, 
acetic  acid,  and  phloroglucol. 

In  the  table  on  page  23  the  principal  kinds  of  tannin  are 
arranged  according  to  the  foregoing  principles  of  classification. 

Certain  of  the  tannins  give  a  blue  or  black  coloration  when 
mixed  in  solution  with  ferric  salts,  while  others  yield  a  green  or 
greenish  color  when  similarly  treated.  Speaking  generally,  the 
tannins  which  are  derived  from  gallic  acid  give  a  blue  reaction, 
while  those  derived  from  protocatechuic  acid  afford  a  green  color. 

The  reaction  with  iron  salts  is  best  observed  by  adding  to  an 
aqueous  solution  of  the  tannin  contained  in  a  test-tube  one  or  two 
drops  of  a  dilute  solution  of  ferric  acetate.  This  may  be  extem- 
porized by  adding  sodium  acetate  to  a  solution  of  ferric  chloride. 
Excess  of  the  reagent  must  be  avoided,  or  its  color  and  oxidizing 
action  may  lead  to  error.  The  coloration  produced  by  ferric 
acetate  having  been  observed,  it  is  advisable  xo  add  an  excess  of 
ammonia,  and  note  any  change  which  may  occur. 

If  ferric  chloride  be  substituted  for  the  acetate,  the  general 
results  are  the  same,  but  in  some  instances  a  greenish  coloration 
is  j^roduced  by  tannins  which  give  a  distinct  blue  reaction  with 
ferric  acetate,  and  are  undoubted  gallic  acid  derivatives.    This  is 

^  Valonia  is  liable  to  a  natural  fermentation  (ropiness),  in  which  large  quanti- 
ties of  dextrin,  or  some  similar  body  precipitabie  by  alcohol,  are  formed. 
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especially  the  case  if  the  ferric  chloride  solution  contains  free  acid. 
Hence  the  acetate  is  much  to  be  preferred  as  a  reagent  for  tannins. 
Other  reactions  of  tannins  are  given  on  pages  24  and  25. 

Prescott^  gives  the  following  comparative  table  of  the  different 
kinds  of  tannins: 


(1)  Glucoside-tannins.  When 
boiled  with  dilute  mineral  acids  yield 
(a)  a  crystallizable  acid,  or  its  anhy- 
dride, or  (6)  a  phlobaphene  and  a 
glucose. 

(2)  Iron-bluing  tannins  with 
ferric  salts  give  blue  to  black  precipi- 
tates or  colors.  The  ferroso-ferric  solu- 
tions, slightly  basic,  give  the  best  reac- 
tions. Mineral  acids  dissolve  and 
decolor. 

(3)  Tannins  not  tanning 
agents.  Do  not  form  leather,  nor 
preserve  animal  membrane,  though 
precipitating  solutions  of  gelatin. 

(4)  Tannins  which  in  subliming,  or 
in  fusing  with  potassium  hydroxide, 
yield  a  trihydroxyphenol,  such  as 
Pyrogallol,  CeHgCOHja- 

(5)  Pathological  tannins. 
Found  in  punctured  vegetable  tissue. 
Gallo-tannins,  including  sumac-tannin. 


(1)  Tannins  not  glucosides. 


(2)  Iron-greening  tannins,-^ 
with  basic  ferric  salts,  give  greenish  pre- 
cipitates or  colors.  Brown  colors  some- 
times obtained. 


(3)  Tanning  materials.  Change 
animal  membrane  into  leather,  not 
putrescible.  Also  precipitate  solutions 
of  gelatin. 

(4)  Tannins  which  in  subliming,  yield 
a  dihydroxyphenol,  CQHiiO'H.)^,  and  on 
fusion  with  potash,  yield  an  acid  as  pro- 
tocatechuic  acid,  C6H3(OH)2C02H. 

(5)  Physiological  tannins. 
From  uninjured  vegetable  tissues.  In- 
clude various  glucosides  and  iron-bluing 
tannins. 


Distinction  between  Alcoholic  and  Aqueous 
Tannins. — This  distinction  is  of  considerable  importance,  as  in 
some  countries  a  duty  is  only  collected  on  alcoholic  tannin.  A 
tannin  which  has  been  prepared  by  extraction  with  water,  on  treat- 
ment with  ether  and  a  subsequent  evaporation  of  the  ethereal 
extract,  leaves  a  residue  which  redissolved  in  alcohol,  does  not 
precipitate  on  the  addition  of  water.  On  the  contrary,  a  tannin 
which  has  been  prepared  by  extraction  with  alcohol,  gives  under 
the  same  conditions  a  distinct  precipitate,  due  to  the  fats  and 
resins  which  accompany  it. 

The  following  is  a  description  of  the  best  methods  of  operating 
with  a  view  to  the  formation  and  recognition  of  the  decomposition- 
products  obtained  by  the  action  of  heat,  dilute  acids,  and  fusing 
potash  on  the  different  kinds  of  tannin. 

K^rganic  Analysis,  1895. 

'  Of  this  class  only  willow-tannin  is  a  glucoside. 
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Reaction  of  Tannins :  Action  of  Heat. 

When  a  tannin  which  produces  a  bloom  "  on  leather  (Class  A) 
is  cautiously  heated  to  about  200°  C,  it  is  decomposed  with  vola- 
tilization of  pyrogallol  in  feathery  crystals.  On  the  other 
hand,  the  tannins  which  produce  no  bloom,  but  red  deposits,  give 
a  somewhat  similar  reaction,  but  the  sublimate  consists  of  cate- 
chol. From  oak-bark  and  valonia,  which  apparently  contain  a 
mixture  of  both  kinds  of  tannin,  and  hence  yield  both  bloom  and 
red  coloring  matters,  both  catechol  and  pyrogallol  are  produced 
on  heating. 

In  using  the  heating  test  for  distinguishing  the  two  classes  of 
tannins,  the  temperature  must  be  carefully  regulated,  or  much  loss 
will  ensue  and  the  recognition  of  the  pyrogallol  or  catechol  will  be 
greatly  complicated  by, the  formation  of  metagallic  acid  and  other 
secondary  products.  A  better  result  is  obtained  by  mixing  the 
substance  with  several  times  its  weight  of  sand  or  powdered  pumice, 
and  passing  a  stream  of  coal-gas  or  carbon  dioxide  through  the 
retort,  so  as  to  carry  the  products  quickly  out  of  the  heated  space. 
A  still  better  and  more  convenient  plan  is  the  following,  based  on 
an  observation  of  T.  E.  Thorpe  (Chem.  News,  xliii.  109): — 
About  1  gramme  of  the  sample  should  be  heated  with  3  c.c.  of 
pure  glycerin  to  a  temperature  of  190°  to  200°  C.  for  twenty 
minutes.  After  cooling,  the  product  is  treated  with  about  20  c.c. 
of  water,  and  the  liquid  shaken  with  an  equal  measure  of  ether 
without  previous  filtration.  The  ethereal  layer,  which  contains 
the  pyrogallol  and  catechol,  is  separated  from  the  aqueous  liquid, 
evaporated  to  dryness,  and  the  residue  dissolved  in  50  c.c.  of  warm 
water.  The  filtered  solution  is  divided  into  several  portions  which 
are  respectively  tested  with  lime-water,  ferric  chloride,  and  ferric 
acetate.  These  reagents  readily  distinguish  catechol  from  pyro- 
gallol when  unmixed,  and  will  suffice  for  the  recognition  of  the 
one  in  presence  of  not  too  large  a  proportion  of  the  other.  It  must 
be  remembered  that  the  production  of  pyrogallol  may  have  resulted 
from  the  presence  of  gallic  acid  in  the  original  substance,  if  the 
tannin  had  not  previously  been  purified  therefrom  in  the  manner 
indicated  on  page  18.  Catechol,  on  the  other  hand,  may  be  a 
product  of  the  decomposition  of  catechin  and  other  bodies  allied 
to  and  associated  with  tannins,  unless  care  has  been  taken  to 
remove  them  previously.  As  a  general  rule,  however,  catechins 
and  catechol-derivatives  only  occur  in  quantity  with  catechol- 
tannins,  and  the  same  is  true  of  gallic  acid  with  regard  to 
pyrogallol. 
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The  characters  of  pyrogallol  and  catechol  have  already  been 
fully  described  (Vol.  II.,  pt.  II.) 

Action  of  Dilute  Acids  on  Tannins.  Phlobaphenes. 

As  already  stated,  many  tannins  are  resolved  on  heating  with 
dilute  acids  into  glucose,  and  either  gallic  acid,  ellagic  acid,  or 
an  amorphous,  insoluble,  red  coloring  matter  or  p  h  1  o  b  a  p  h  e  n  e, 
according  to  the  nature  of  the  tannin.  Other  tannins  yield  these 
products  without  glucose  being  simultaneously  formed.  As  a  rule, 
the  action  of  dilute  acid  on  a  tannin  results  in  the  formation,  apart 
from  glucose,  of  a  single  decomposition-product  belonging  to  the 
aromatic  series  (e.  g.,  gallic  acid,  ellagic  acid,  phlobaphene,  &c. ), 
but  in  some  cases  two  or  more  of  such  bodies  are  producible  from 
a  tannin  of  apparently  homogeneous  nature  (page  19). 

To  ascertain  whether  a  tannin  yields  glucose  by  hydrolysis,  it 
should  first  be  carefully  freed  from  any  admixture  of  ready-formed 
carbohydrates  by  precipitation  with  neutral  lead  acetate,  or  satura- 
tion of  the  aqueous  solution  with  salt  and  removal  of  the  tannin 
by  agitation  with  acetic  ether,  in  the  manner  indicated  on  page  18. 
The  washed  lead  salt,  or  the  tannin  left  on  evaporating  the  acetic 
ether,  is  then  heated  to  100°  C.  for  some  hours,  with  dilute  hydro- 
chloric acid,  in  a  sealed  tube  or  firmly  closed  bottle.  (Mere  boil- 
ing with  the  dilute  acid,  replacing  loss  by  evaporation,  is  sufficient 
in  most  cases,  especially  for  qualitative  purposes. )  After  cooling 
and  opening  the  bottle,  the  mixture  should  be  allowed  to  stand 
for  some  time  in  the  cold,  to  observe  whether  any  sparingly-soluble 
decomposition-product  separates.^  In  such  case,  the  precipitate 
should  be  filtered  off,  and  any  traces  remaining  in  solution  re- 
moved by  agitating  the  filtrate  first  with  acetic  ether  and  then 
with  ordinary  ether.  The  aqueous  liquid  is  boiled,  neutralized 
with  soda,  precipitated  with  basic  lead  acetate  (to  remove  any 
traces  of  tannin  or  coloring  matters),  the  liquid  again  filtered, 
the  excess  of  lead  removed  by  dilute  sulphuric  acid,  the  filtered 
liquid  again  neutralized  by  soda,  and  heated  to  boiling  with  Fehl- 
ing's  solution,  when  a  yellow  or  red  precipitate  of  cuprous  oxide 
will  prove  the  presence  of  glucose.  This  latter  may  also  be  shown 
by  a  fermentation  test  with  yeast,  or  by  an  optical  examination  as 
to  rotatory  power. 

^  To  prevent  subsequent  source  of  error,  it  is  desirable  to  get  rid  of  any  ready- 
formed  gallic  acid,  by  repeatedly  agitating  the  solution  of  the  tannin  with  ether 
before  precipitating  with  lead  acetate. 
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The  precipitate  produced  on  cooling  the  product  of  the  action  of 
dilute  acid  on  the  tannin  may  consist  of  lead  chloride  (if  the  lead 
compound  has  been  used),  ellagic  acid,  or  a  phlobaphene.  The 
lead  chloride  may  be  removed  by  washing  with  boiling  water.  If 
the  residue  has  a  pale  yellow  or  fawn  color,  and  is  but  slightly 
soluble  in  cold  alcohol,  it  probably  consists  of  ellagic  acid, 
which  is  soluble  in  ammonia  and  hot  alcohol,  and  dissolves  readily 
in  strong  nitric  acid  with  intense  crimson  coloration.  A  red  res- 
idue, readily  soluble  in  cold  alcohol,  will  consist  of  a  phloba- 
phene, which  will  be  reprecipitated  on  diluting  the  alcoholic 
solution  with  water,  and  may  be  further  examined  by  fusion  with 
caustic  potash. 

The  ethereal  layer,  obtained  by  shaking  the  filtrate  from  the 
ellagic  acid  and  phlobaphenes  with  ether  and  acetic  ether,  will 
contain  gallic  acid,  if  any  has  been  produced  by  the  treatment 
of  the  tannin  with  dilute  acid.  For  its  recognition  the  ethereal 
solution  should  be  evaporated  to  dryness,  the  residue  taken  up 
with  cold  water,  and  the  solution  filtered.  The  filtrate  will  give  a 
fine  red  coloration  with  potassium  cyanide,  if  gallic  acid  has  been 
produced.  The  reaction  may  be  confirmed  by  treating  another 
portion  of  the  filtrate  with  an  aqueous  solution  of  picric  acid,  fol- 
lowed by  ammonia,  when  a  reddish  coloration,  changing  to  a  fine 
green,  will  be  produced  if  gallic  acid  be  present. 

In  many  cases  it  is  not  necessary  to  employ  so  elaborate  a  pro- 
cess as  the  foregoing  in  order  to  distinguish  the  class  to  which  a 
tannin  belongs,  It  is  frequently  sufficient  to  boil  the  tannin  or  its 
infusion  with  dilute  hydrochloric  acid  for  some  time,  replacing 
the  acid  lost  by  evaporation.  The  solution  is  then  diluted  and 
allowed  to  cool,  when  ellagic  acid  and  phlobaphenes  will  separate, 
and  may  be  filtered  off  and  separated  by  treatment  with  cold  alco- 
hol as  already  indicated. 

Gallic  acid  as  well  as  Ellagic  acid  have  been  fully 
described  in  Vol.  II.,  pt.  11. 

Phlobaphenes. 

Chemically,  the  phlobaphenes  are  anhydrides  of  the  re- 
spective tannic  acids  from  which  they  are  derived,  or,  in  other 
words,  they  are  formed  from  these  tannins  by  the  loss  of  one  or 
more  molecules  of  water.  In  this  way  they  are  produced  by  the 
action  of  dilute  acids  on  tannins,  and  may  also  be  formed  in  many 
cases  by  pouring  alcoholic  or  highly  concentrated  aqueous  solutions 
of  the  tannins  into  cold  water,  under  which  circumstances  a  part  of 
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the  tannin  seems  unable  to  assimilate  water  and  the  phlobaphene 
separates  as  a  red  precipitate.  Phlobaphenes  exist  ready-formed 
in  most  tannin  materials  capable  of  producing  them,  and  may  be 
dissolved  out  of  these  or  the  dried  extracts  thereof  by  means  o! 
alcohol. 

The  phlobaphenes  are  red  or  brown  amorphous  bodies,  difficultly 
soluble  in  pure  or  acidulated  water  or  in  pure  ether,  but  soluble  in 
water  containing  ammonia,  and  freely  soluble  in  spirit.  Some 
phlobaphenes  are  so  sparingly  soluble  in  water,  even  when  boiling, 
that  the  character  may  be  utilized  for  the  determination  of  the 
corresponding  tannin.  This  is  especially  the  case  if,  after  heating 
with  hydrochloric  acid,  the  liquid  be  evaporated  to  dryness  and 
the  residue  treated  with  water.  The  decomposition-products  then 
often  remain  almost  entirely  undissolved,  but  not  wholly  so,  for, 
though  mostly  insoluble  in  pure  water,  they  are  dissolved  more  or 
less  by  solutions  of  sugar  and  other  substances.  The  phlobaphenes 
are  also  dissolved  by  dilute  alkalies  and  alkaline  carbonates,  and 
by  borax,  which  last  substance  is  said  to  be  used  in  the  preparation 
of  some  tannin  extracts,  and  has  been  suggested  as  a  means  of 
rendering  phlobaphenes  available  for  tanning.  The  solubility  of 
the  phlobaphenes  in  water  depends  much  on  their  degree  of  hydra- 
tion, many  tannins  giving  a  whole  series  of  anhydrides,  of  which 
those  containing  only  one  molecule  of  water  less  than  the  original 
tannin  are  quite  soluble  in  water,  while  the  higher  members  of  the 
series  become  less  and  less  soluble  as  they  lose  water.  The  soluble 
phlobaphenes  are  the  coloring  matters  of  tanning  materials,  and 
behave  hke  the  tannins  themselves,  precipitating  gelatin  and  com- 
bining with  hide  to  form  leather.  ^ 

In  many  cases  (e.  g.,  gambler)  it  is  certain,  and  in  others  it  is 
probable,  that  the  tannin  itself  is  merely  the  first  anhydride  of  the 
series,  and  is  derived  from  a  catechin  which  is  itself  white,  crystal- 
lizable,  and  destitute  of  tanning  properties. 

The  phlobaphenes  somewhat  resemble  the^esins  in  their  analyti- 
cal characters,  as,  for  instance,  their  solubility  in  alcohol  and 
slight  solubility  in  water,  and  in  their  behavior  when  fused  with 

^  Hemlock -bark  yields  a  series  of  such  bodies,  of  which  the  lower  members  are 
deep-red  soluble  tannins,  and  the  higher  form  the  red  sediment  which  occurs  in 
hemlock  extract.  It  is  not  possible  to  decolorize  hemlock  extract  without  at  the 
same  time  greatly  reducing  its  tanning  powers,  though  by  preparing  and  concen- 
trating it  at  a  low  temperature  the  proportion  of  insoluble  liigher  anhydrides 
formed  may  be  kept  at  a  minimum. 
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caustic  alkali;  but  they  are  distinguished  from  the  resius  by  dis- 
solving in  dilute  acnmonia.  With  gelatin,  ferric  acetate,  and  lead 
acetate  the  phlobaphenes  usually  react  like  their  respective  tannic 
acids.  Occasionally  a  so-called  tannin  is  met  with  (e.  g.,  hop- 
tannin),  which  is  not  precipitated  by  gelatin,  while  the  phloba- 
phene  therefrom  is  precipitated. 

Phlobaphenes  are  yielded  by  the  tannic  acids  from  the  bark  of 
the  oak,  elm,  horse-chestnut,  willow,  birch,  fir,  and  acacia,  as 
well  as  by  the  tannins  from  rhubarb,  male-fern,  wine,  &c.  Ac- 
cording to  Grabowski,  the  phlobaphenes  from  the  tannins  of 
the  oak,  ratanhia,  and  tormentilla  are  not  merely  analogous  to  but 
actually  identical  with  chestnut-red  (see  Quercitannic  Acid,  VoL 
11. ,  part  11. ). 

Action  of  Fused  Alkali  on  Tannins.  Phloroglucol. 

When  tannins  are  subjected  to  the  action  of  caustic  alkali  in  a 
state  of  incipient  fusion,  they  are  broken  up  with  formation  of 
products  varying  with  their  constitution.  Thus  all  the  tannins 
yielding  catechol  on  dry  distillation,  that  is,  all  those  which  give 
a  green  colour  with  ferric  acetate — and  valonia  and  oak-bark 
tannins  in  addition — give  protocatechuic  acid  when  fused 
with  caustic  potash.  On  the  other  hand,  those  tannins  which  give 
pyrogallol  when  heated  alone  yield  gallic  or  ellagic  acid  when 
fused  with  caustic  alkali.^  In  each  case  the  reaction  consists  in 
the  elimination  of  COg. 

The  tannins  which  yield  protocatechuic  acid  on  fusion  with 
alkali  may  be  further  subdivided  according  to  the  secondary  pro- 
duct formed  simultaneously,  one  class  giving  acetic  or  some  other 
fatty  acids,  and  a  second  a  body  called  phloroglucol  (page 
30).^    A  third  class,  including  the  tannins  of  the  alder  and  hop, 

'  The  relationship  of  these  products  of  the  decomposition  of  tannins  is  shown  by 


the  following  formulse  ; 

Protocatechuic  acid        rvr  J  ^^c^)  _     Catechol      n  Ti  J  ^^^'^ 

(Dihydroxy benzoic  acid)         W  —^^2-  (Pyrocatechin)  '  ^^^^  ]  H 

icO.OH(*)  Ih 

C  OH  (  OH(i) 

Gallic  acid  n      J  OH  _      Pyrogallol      p  -rj  J  ^H^^) 

(Trihydroxybenzoic  acid)  ^^^^2  \  qH     —^'-'2-  (Pyrogallic  acid)  \  qH^') 

I  CO.OH  I  H 


The  formation  of  these  products  is  due  to  a  reaction  allied  to  saponification, 
thus : 

C.sHioO,  +  KHO  -  KC,HA  +  CJIA- 
Morintannic  rotassinm  Phloro- 

Acid,  rrotocatechuate.  glucol. 
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give  both  acetic  acid  and  phloroglucol,  but  this  peculiarity  is  not 
improbably  due  to  the  coexistence  of  two  distinct  tannins.^  All 
those  tannins  which  yield  acetic  acid  instead  of  phloroglucol  on 
fusion  with  potash  give  notable  proportions  of  glucose  on  heating 
wdth  dilute  acid,  while  some,  and  probably  all,  of  the  phloroglucol- 
tannins  give  no  sensible  quantity  of  glucose. 

To  recognize  the  presence  of  a  phloroglucol-tannin  wdthout 
employing  the  tedious  method  described  below,  H.  R.  Procter 
mixes  5  c.c.  of  water,  1  c.c.  of  a  saturated  solution  of  commercial 
nitrate  of  aniline,  and  1  c.c.  of  a  very  dilute  solution  of  potas- 
sium nitrite.  To  this  liquid  is  added  1  c.c.  of  a  solution  con- 
taining as  nearly  as  possible  ^  per  cent,  of  the  tannin  to  be 
examined.  If  phloroglucin  or  phloroglucide-tannin  be  present  the 
liquid  will  gradually  become  yellow  or  orange,  and  will  deposit  a 
cinnabar-red  precipitate  after  standing  for  a  time  not  exceeding  one 
hour,  but  many  other  bodies  give  precipitates  which  may  lead  to 
mistaken  conclusions.  Thus  the  reaction  is  produced  by  oak-bark 
infusion,  which  is  not  supposed  to  contain  a  phloroglucol-tannin, 
and  gall-tannin,  pyrogallol,  and  other  substances  give  similar  but 
browner  precipitates.  A  sharper  distinction  may  be  obtained  by 
employing  more  dilute  solutions,  but  it  is  preferable,  when  possible, 
to  act  on  the  tannin  with  fusing  potash  and  examine  the  products. 

The  fusion  with  potash  may  be  conducted  either  on  the  original 
tannin  or  on  the  body  produced  by  treating  it  with  dilute  acid. 
When  convenient,  the  lead  salt  may  be  substituted  for  the  free 
tannic  acid.  The  separation  or  recognition  of  protocatechuic  and 
gallic  or  pyrogaiiic  acids  when  mixed  is  very  troublesome,  and 
hence  it  appears  better  in  most  cases  simply  to  aim  at  the  isolation 
and  recognition  of  phloroglucol.  The  following  is  the  method 
usually  prescribed  for  this  purpose: — 20  grammes  of  the  tannin, 
phlobaphene,  or  lead  salt  are  boiled  with  150  c.c.  of  solution  of 
caustic  potash,  of  1.2  specific  gravity,  for  two  or  three  hours,  and 
the  liquid  then  concentrated  with  continual  stirring  till  it  becomes 
pasty,  the  alkali  undergoing  fusion.'  The  product  is  cooled,  and 
treated  with  dilute  sulphuric  acid  in  quantity  sufficient  to  render 
the  whole  distinctly  acid  when  cold,  the  liquid  is  filtered  from  the 

*  The  fusion  of  gallic  acid  with  caustic  soda  is  said  to  result  in  the  formation  of 
a  small  quantity  of  phloroglucol  {Jour.  Chem.  Soc,  xliv.  60). 

'In  some  cases,  such  as  that  of  phloretin,  it  is  sufficient  to  boil  the  substance 
with  caustic  potash  solution,  as  described  in  the  text,  omitting  the  subsequent 
evaporation  and  fusion. 
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potassium  sulphate  and  other  sohd  matters,  and  the  filtrate  is 
treated  with  sodium  bicarbonate  till  its  wine-red  reaction  with  lit- 
mus (or  absence  of  red  coloration  with  methyl-orange)  shows  that 
the  sulphuric  acid  is  neutralized.  The  liquid  is  then  shaken  sev- 
eral times  with  ether,  and  the  ethereal  solution  evaporated.  The 
residue  contains  phloroglucol,  recognizable  by  its  sweet  taste  and 
reactions  with  ferric  chloride  and  fir-wood.  If  necessary,  it  may 
be  purified  from  protocatechuic  acid  by  precipitating  the  aqueous 
solution  with  neutral  lead  acetate,  the  filtrate  being  extracted  with 
ether,  or  evaporated  after  separating  the  excess  of  lead  by  sulphur- 
etted hydrogen. 

■  Phloroglucol.  Phloroglucin.  C^HgOg.  This  substance  is 
isomeric  with  pyrogallol  and  hydroxyquinol,  and  is  generally  re- 
garded as  symmetrical  trihydroxybenzene,  but  there 
is  evidence  in  favor  of  a  different  constitution.*  It  is  possible  that 
it  exists  in  both  forms,  one  of  which  is  readily  converted  into  the 
other.  Phloroglucol  forms  small  plates  or  rhombic  tablets  con- 
taining 2H2O.  It  becomes  anhydrous  at  100°,  and  melts  at  218° 
if  heated  rapidly,  but  at  209°  or  even  200°  if  slowly  heated.  At 
a  higher  temperature  it  sublimes  without  odor,  and  solidifies  again 
on  cooling. 

Phloroglucol  is  sweeter  than  cane-sugar.  It  is  soluble  in  water 
rnd  alcohol,  and  readily  in  ether,  and  by  agitation  with  the  last 
solvent  can  be  removed  from  its  aqueous  solution.  An  aqueous 
solution  of  phloroglucin  is  not  precipitated  by  any  metallic  salt 
except  basic  lead  acetate.  -It  is  colored  deep  violet  by  ferric 
chloride,  and  reduces  Fehling's  solution  and  ammonio-nitrate  of 
silver.  In  concentrated  aqueous  solution  it  is  converted  by  bro- 
mine into  tribromo-phloroglucol,  CgHgBr^Og,  which  im- 
mediately separates  in  long  needles,  the  liquid  emitting  a  powerful, 
tear-exciting  odor. 

When  dilute  solutions  of  phloroglucol  and  nitrate  of  toluidine 
or  aniline  are  mixed,  and  a  very  dilute  solution  of  potassium  ni- 
trite added,  the  liquid  gradually  becomes  turbid  and  of  a  brown- 

» Symmetrical  Trilivdroxybenzene.         Modified  Formula  of  Phloroglucol. 


C.OH 
HC/\CH 


CO 

IlaC/XCH, 


HO.C 


C.OH 
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ish-yellow  color,  then  orange-red,  and  finally  a  vermilion-red 
precipitate  is  produced.    The  reaction  is  extremely  delicate. 

If  a  freshly-cut  slip  of  deal  be  moistened  with  a  dilute  solution 
of  phloroglucol  (J  per  cent.),  and  subsequently  with  dilute  hydro- 
chloric acid,  it  acquires  an  intense  violet  or  red  colour.  The  reac- 
tion is  very  delicate.^ 

Action  of  Other  Chemicals. 

By  heating  a  mixture  of  tannin,  potassium  bisulphate  and  acet- 
acetic  ether' to  190°-200°,  two  different  compounds  are  obtained: 
1.  Ditannacetacetic  ether,  C^Jl^fi.,^,  a  yellowish-grey 
powder,  slightly  soluble  in  cold  water  and  decomposed  by  hot  water; 
soluble  in  alcohol  and  acetic  ether.  2.  Tannacet acetic 
ether,  C^oH.^fii^y  scarcely  soluble  in  either  cold  or  hot  water, 
readily  soluble  in  alcohol,  ether  and  acetacetic  ether.  By  the 
action  of  glycerin  on  a  mixture  of  tannin  and  potassium  bisul- 
phate bodies  are  produced  which,  according  to  their  empirical 
formula,  are  reduced  anhydro  derivatives  of  tannin  or  gallic  acid, 
with  properties  similar  to  hydroquercitannic  and  hydroquergallic 
acids,  the  reduction  products  of  the  oak-bark  tannic  acids.  From 
the  mixture  so  obtained  have  been  isolated:  1.  Hydrotannic 
acid,  C^JJ^fi^,  possessing  the  properties  of  tannin,  but  with 
stronger  reducing  power.  It  is  a  brown  powder,  soluble  in  am- 
monia, alcohol  and  dilute  acetic  acid,  but  insoluble  in  water.  2. 
Isohydrotannic  acid,  C^^R^fi..  H^,  a  brown  powder, 
soluble  in  ammonia  and  dilute  boiling  alcohol,  and  slightly  so  in 
hot  water,  but  insoluble  in  cold  water. 

If  tannin  is  heated  with  glycerin  or  grape  sugar,  a  compound  is 
formed  which  is  readily  soluble  in  water  and  dilute  acetic  acid,  and 
which  has  the  property  of  being  again  decomposed  into  its  original 
parts  with  steam.  The  tannin  glyceride  is  obtained  as  a  colorless 
or  slightly  brownish-colored  syrup,  while  the  glucoside  is  a  solid 
body  which  forms  a  syrup  with  water. 

Alterations  in  Tannin  Substances. 

P.  Sisley  in  Revue  gen.  des  Mat.  Color  antes  ^  1897,  No.  7, 
gives  a  resum^  of  the  effect  of  various  agents  on  tannin  substances. 
He  finds  that  tannin  solutions  when  exposed  to  the  air  absorb 
oxygen,  and  become  brown  in  color.    A  series  of  oxidation  prod- 

*  The  coloration  is  readily  obtained  with  infusion  of  gambier  and  probably  of 
other  phloroglucol  tannins,  but  is  also  given  by  catechol. 


82 


TANNINS  OR  ORGANIC  ACIDS. 


ucts  is  obtained  which  is  acid  in  character,  and  renders  tannin  so- 
lutions unfit  for  mordanting  for  hght  shades.  The  oxidation  does 
not  seem  to  be  dependent  upon  fermentation,  and  takes  place  more 
rapidly  in  dilute  than  in  concentrated  extracts.  The  presence  of 
acid  retards  the  coloration,  whereas  alkahes  favor  it  in  consequence 
of  the  phenolic  character  of  tannin.  Reducing  agents  bring 
about  a  decolorization  of  dilute  tannin  solutions,  which,  how- 
ever, is  not  permanent,  the  reducing  agent  itself  becoming  oxi- 
dized, which  facilitates  rather  than  impedes  the  oxidation  of  the 
tannin.  The  protosalts  of  metals  which  are  capable  of  different 
degrees  of  oxidation  and  which  act  as  oxygen  carriers  act  similarly. 
With  concentrated  extracts  sulphurous  acid  is  useful  and  preserves 
them  comparatively  well,  but  with  diluted  extracts  the  sulphurous 
acid  is  oxidized  too  rapidly  and  becomes  useless.  Arsenious  and 
phosphorous  acids,  howcA^er,  give  very  favorable  results  when  used 
in  small  quantities. 

Dilute  acids  apj^ear  to  hydrolyze  tannins  at  boiling  temperatures 
with  the  formation  of  gallic  acid. 

Solutions  of  tannins  contain  usually  varying  quantities  of  nitro- 
genous and  pectic  substances,  glucosides,  and  mineral  constituents, 
and  in  consequence  is  very  favorable  for  the  growth  of  ferments. 
This  fermentation  appears  to  convert  the  tannin  by  hydration  into 
gallip  acid  at  first;  further  decomposition  then  takes  place  and 
carbonic,  butyric,  oxalic,  and  lactic  acids  are  formed.  The  glu- 
cosides present  undergo  alcoholic  fermentation  and  give  rise  to  the 
wine-like  odor  to  be  noticed  in  fermented  extracts.  After  a  com- 
parative study  of  the  action  of  various  antiseptics,  it  is  found  that 
boric  acid  is  the  only  one  which  gives  any  good  result  in  retarding 
fermentation  and  preventing  loss  of  tannin. 

Gallotannic  Acid.    Tannic  Acid.  Tannin. 

Gallotannic  acid  occurs  in  gall-nuts  in  proportions  commonly 
ranging  from  60  to  77  per  cent.,  and  is  usually  prepared  there- 
from by  the  method  of  Pelonze  described  on  page  18.' 

A  preferable  and  more  modern  plan  is  to  extract  gall-nuts  with 
a  mixture  of  12  parts  of  ether  and  3  of  alcohol,  12  parts  of  water 

^  A  further  purification  may  be  effected  by  fractionally  precipitating  the  aqueous 
solution  of  the  product  by  acetate  of  lead,  the  first  and  last  fractions  being  rejected. 
The  lead  tannate  is  tlien  treated  with  a  quantity  of  solution  of  oxalic  acid  insuflS- 
cient  for  its  complete  deconi])osition,  and  the  liquid  filtered  and  evaporated,  first 
at  100°  C,  and  subsequently  in  vacuo. 
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being  added  to  the  extract,  and  the  alcohol  and  ether  removed  by 
distillation.  The  residual  aqueous  solution  is  then  filtered  and 
evaporated,  the  product  being  further  purified  by  solution  in  water 
and  treatment  with  animal  charcoal.  In  order  to  obtain  the  tannin 
in  a  spongy  form,  the  syrupy  solution  should  be  mixed  with  some 
alcohol  and  ether  and  evaporated  at  a  moderate  temperature.  The 
spongy  form  is  desirable  as  it  dissolves  very  readily. 

Pure  gallotannic  acid  may  also  be  obtained,  according  to  Schiff, 
by  extracting  gall-nuts  with  anhydrous  ether  to  which  5  per  cent, 
of  alcohol  has  been  added. 

As  prepared  by  Pelouze's  process,  tannin  yields  more  or  less 
glucose  or  an  analogous  body  when  treated  with  dilute  acids  (the 
amount  obtained  varying  from  0  to  22  per  cent.),  gallic  acid  being 
formed  at  the  same  time.  Hence  ordinary  tannin  is  commonly 
regarded  as  a  glucoside  of  gallic  acid  and  represented  by 
the  empirical  formula  C3^H28022,  which  would  yield  23  per  cent, 
of  glucose  on  hydrolysis.  As  prepared  by  Schiff's  process,  how- 
ever, gallotannic  acid  yields  little  or  no  glucose  on  treatment  with 
dilute  acid,  and  hence  is  not  a  glucoside,  though  agreeing  in  its 
other  characters  with  the  product  obtained  by  Pelouze's  method. 
It  appears  probable,  therefore,  that  the  latter  contained  an  admix- 
ture of  actual  glucose,  or  of  a  glucoside  brought  into  solution  by 
the  water  present,  just  as  oak-bark  tannin  is  liable  to  contamina- 
tion by  Isevulin  or  the  Isevulose  formed  therefrom. 

H.  Schiff  has  obtained  gallotannic  acid  synthetically  by  dry- 
ing gallic  acid  at  110°,  mixing  it  into  a  thin  paste  with  phosphorus 
oxychloride,  and  heating  the  mixture  first  to  100°  and  then  to 
120°  C.  Much  hydrochloric  acid  is  evolved,  and  the  gallic  acid  is 
converted  into  a  yellow  powder,  which  should  be  washed  with 
ether  and  dissolved  in  water.  The  unchanged  gallic  acid  is  al- 
lowed to  crystallize  out,  after  which  the  solution  is  saturated  with 
common  salt,  the  precipitated  tannin  is  washed  with  brine  and  re- 
dissolved  in  ether  alcohol.  The  product  thus  obtained  gives  all 
the  reactions  of  purified  gall-tannin,  but  is  perfectly  reconverted 
into  gallic  acid  on  boiling  with  hydrochloric  acid,  without  the  for- 
mation of  any  trace  of  glucose  or  ellagic  acid.  Gallotannic  acid 
may  also  be  prepared  synthetically  by  oxidizing  gallic  acid  with 
silver  nitrate,  or  by  boiling  with  dilute  arsenic  acid. 

It  may  now  be  considered  fully  established  that  pure  gallotannic 
acid  or  tannin  from  galls  has  the  composition  Cj^HjoOg,  and  in 
constitution  is  the  first  anhydride  of  gallic  acid,  or  di- 
3 
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gallic  acid. ^  Its  relation  to  gallic  acid  and  some  other  allied 
bodies  is  shown  by  the  following  formulae: — 


Gallic    acid.    Trihydroxy- ) 
benzoic  acid,  j 

Gallotannic  acid.    Digallic  )  qq 
acid,  ■  j 

Ellagitannic  acid,     .    .    .  CO 

Ellagic  acid,   CO 

Sumac-tannin,     ....  CO 

Kinoin,   CO 

Protocatechuic  acid,  .    .    .  CO 

Quercitannic  acid  (?),   .    .  CO 


CeH,(OH), 
OH. 

C,H,(0H)3 

O.C,H,(OH),.COOH. 

O.C,H,(OH)3 

O.C,H,(OH),.COOH. 

O.C,H,(OH),-/0 

O.C,H,(OH)  ^COOH. 

O.C,H,(OCH3),.COOH. 

CeH,(0H)3 

O.C,H,(OCH3). 

C,H3(0H), 

OH. 

C,H3(OCH3), 

0.  CgH^OH )  (OCH3) .  COOH. 


The  foregoing  formula  for  gallotannic  acid  explains  satisfactorily 
the  following  reactions: — 

1.  The  formation  of  gallic  acid  by  hydrolysis: — Cj^H^gOg 

+  H,0  =  2C,HA- 

2.  The  formation  of  gallamide  and  ammonium  gal  late 
in  almost  theoretical  proportions  by  boiling  gallotannic  acid  with 
aqueous  ammonia  in  an  atmosphere  of  hydrogen : — 

C,H,(OH)3.CO.O.CeH,(OH),.CO,H  +  2NH3 
==:CeH,(OH)3.CO.NH2  4- C,H,(0H)3.C0,.NH,. 

3.  The  formation  of  a  pent-acetyl -derivative  by  boil- 
ing tannin  with  acetic  anhydride  for  one  hour,  the  five  hydroxyl 
groups  being  replaced  by  a  corresponding  number  of  CjHgO 
groups. 

4.  The  formation  of  t an n i n,  or  a  body  giving  all  its  reactions, 
by  heating  monobromo-protocatechuic  acid  with  potassium  gallate 
and  alcohol:  —  C,H2(0H),.C00K  4-  BrC,H,(OH),.COOH  r=KBr 
+  CeH,(0H)3.  CO.  0.  CeH,(OH),.  COOH. 

Pure  gallotannic  acid  forms  a  colorless  amorphous  mass,  light 

^P.  W  aid  en  {Ber.,  1899,  3167),  has  shown  that  the  molecular  weight  of  tan- 
nin is  two  to  four  times  that  of  digallic  acid.  Spectroscopic  investigation  of  tannin 
and  digallic  acid  also  shows  that  their  absorptive  powers  for  all  regions  of  the 
spectrum  are  entirely  different,  the  extinction  co-efficient  of  tannin  being  always 
considerably  lower  than  that  of  digallic  acid. 
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yellowish  buff-colored  scales,  or  brittle  vitreous  masses.  It  be- 
comes yellow  in  the  light  even  if  air  be  excluded.  The  taste  is 
strongly  astringent,  and  the  reaction  acid.  When  heated  it  darkens 
with  or  without  fusing,  and  at  215°  decomposes  with  volatilization 
of  water,  pyrogallol,  and  carbon  dioxide,  while  a  residue  of  m  e  t  a  - 
gallic  or  melanogallic  acid,  CJifl^^  is  left.  This  last 
substance  is  the  sole  product  when  tannin  is  rapidly  heated  to 
280°,  and  is  a  black,  amorphous,  tasteless  mass. 

Gallotannic  acid  is  soluble  in  6  parts  of  cold  water,  and  more 
readily  in  hot.  It  is  precipitated  from  its  concentrated  solution 
by  dilute  hydrochloric  or  sulphuric  acid,  common  salt,  and  potas- 
sium chloride  and  acetate,  but  not  by  sodium  sulphate  or  nitric 
acid.  Skin  and  other  gelatinous  tissues  remove  it  completely 
from  its  aqueous  solution. 

In  absolute  alcohol  gallotannic  acid  only  dissolves  sparingly, 
but  it  is  soluble  with  great  facility  in  hydrous  alcohol.  In  abso- 
lutely dry  ether  free  from  alcohol  tannin  is  almost  insoluble,  but 
if  water  be  gradually  added  the  tannin  first  coagulates  and  then 
deliquesces,  and  after  a  certain  portion  of  water  has,  been  added 
the  liquid  separates  into  three  layers.  This  happens  when  100 
grammes  of  tannin  are  treated  with  150  c.c.  of  ether,  and  100  c.c. 
of  water  added.  The  lowest  layer  is  a  concentrated  aqueous  solu- 
tion of  tannin;  the  middle  layer  contains  some  tannin  and  much 
water;  while  the  uppermost  layer  consists  of  ether  holding  a  little 
tannic  acid  in  solution. 

Gallotannic  acid  is  practically  insoluble  in  chloroform,  benzene, 
petroleum  ether,  and  carbon  disulphide.  In  acetic  ether  and  in 
glycerin  it  dissolves  readily. 

When  taken  internally  gallotannic  acid  appears  to  be  converted 
into  gallic  acid,  which  may  afterwards  be  found  in  the  blood  and 
urine.  Tannin  diffuses  but  slowly  in  aqueous  solution,  but  may 
be  dialyzed  from  its  solution  in  alcohol. 

Gallotannic  acid  is  readily  oxidizable'.  It  reduces  the  salts  of 
gold,  silver,  mercury,  and  copper,  permangates,  etc.  Nitric  acid 
rapidly  oxidizes  it,  with  formation  of  oxalic  acid;  and  chlorine, 
bromine,  iodine,  and  chromic  acid  act  violently. 

Gallotannic  acid  decomposes  carbonates  and  acts  as  a  monobasic 
acid.  Its  solution  in  caustic  alkali  rapidly  oxidizes,  and  acquires 
a  brown  color.  The  gallot annates  are  amorphous  and  diffi- 
cult to  prepare  pure.    Most  of  them  are  insoluble. 

One  of  the  most  important  and  characteristic  reactions  of  gallo- 
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tannic  acid  is  the  formation  of  a  white  (or  buff-colored)  flocculent 
precipitate  with  a  solution  of  gelatin.  The  precipitate,  which  is 
the  basis  of  leather,  and  is  sometimes  called  tannateof  gel- 
atin, is  not  completely  insoluble  in  pure  water,  but  is  wholly  in- 
soluble in  presence  of  excess  of  tannic  acid.  When  freshly  formed 
it  is  often  extremely  finely  divided,  and  passes  through  the  closest 
filter,  but  becomes  coagulated  by  adding  ammonium  chloride, 
alum,  and  certain  other  neutral  salts. 

Added  to  a  dilute  solution  of  gallotannic  acid,  ferrous  sulphate 
occasions  no  change,  if  free  from  ferric  salt,  but  produces  a  white 
precipitate  in  a  concentrated  solution.  With  ferric  chloride  tannin 
produces  a  bluish-black  precipitate  of  ferric  gallotannate 
(ink),  the  color  of  which  is  destroyed  by  boiling  or  reducing 
agents.  Addition  of  hydrochloric  acid  in  excess  dissolves  the  pre- 
cipitate, which  is  reproduced  on  adding  sodium  acetate.  Ferric 
acetate  behaves  like  ferric  chloride. 

Gallotannic  acid  gives  no  reaction  with  a  solution  of  cupric  sul- 
phate, but  on  adding  excess  of  ammonia  it  is  completely  precipi- 
tated. The  reaction  may  be  employed  for  its  determination. 
Fehling's  solution  is  reduced  by  gallotannic  acid  on  heating. 

With  tartar  emetic  and  soluble  salts  of  lead  and  bismuth,  gallo- 
tannic acid  yields  white  insoluble  precipitates.  With  lime-water 
and  with  ammoniacal  barium  chloride  it  yields  a  white  precipitate, 
turning  blue  on  exposure. 

Gallotannic  acid  is  not  precipitated  by  calcium  acetate  from  a 
solution  very  slightly  acidulated  with  acetic  acid,  and  the  liquid 
remains  clear  even  after  adding  twice  its  volume  of  alcohol  (sepa- 
ration from  tartrates,  citrates,  oxalates,  malates,  etc.). 

Vv^ith  an  ammoniacal  solution  of  potassium  ferricyanide,  gallo- 
tannic acid  produces  a  deep  red  color  changing  to  brown,  even  in 
very  dilute  solutions.  The  reaction,  which  was  first  observed  by 
the  author,  is  very  delicate,  but  the  color  is  destroyed  by  a  large 
excess  of  the  reagent.  A  somewhat  similar  reaction  is  produced 
by  gallic  acid.^ 

Ammonium  molybdate  yields  with  tannin  a  red  coloration, 

^  G.  G  r  i  g  g  i  ( Chem.  Zeit.  Rep. ,  1899,  29),  gives  the  following  reaction.  Gallic 
acid  in  dilute  solution  gives  a  bright  ruby-red  color  with  potassium  cyanide,  which 
disappears  on  standing,  but  is  reformed  on  agitating  in  presence  of  air  or  by  the 
addition  of  hydrogen  peroxide.  A  solution  of  tannin  or  pyrogallol  gives  a  yellow- 
ish-red color  with  potassium  cyanide,  which  is  more  slowly  decolorized.  The  ad- 
dition of  excess  of  hydrogen  peroxide  gives  a  permanent  yellow-brown  color  with 
gallic  acid  and  a  dirty-white  precipitate  with  tannin. 
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which  is  yellow  in  very  dilute  solutions,  and  is  destroyed  on  add- 
ing oxalic  acid.. 

Gallotannic  acid  may  be  determined  with  considerable  accuracy 
by  oxidation  with  a  standard  solution  of  permanganate  (page  38). 

Gallotannic  acid  may  be  extracted  from  its  acidulated  aqueous 
solutions  by  repeatedly  agitating  with  ethyl  acetate  free  from  alco- 
hol, and  may  thus  be  separated  from  tartaric,  citric,  malic,  and 
other  vegetable  acids,  but  not  from  gallic  acid.  In  the  case  of 
ink,  sufficient  oxahc  acid  must  be  added  to  wholly  change  the 
color  of  the  hquid. 

Some  of  the  foregoing  reactions  furnish  important  distinctions 
betw^eeri  gallotannic  acid  and  gallic  acid  and  pyrogallol,  which  in 
many  respects  it  closely  resembles.  Others  seem  to  distinguish  it 
from  the  different  varieties  of  tannin.  The  table  on  page  65  shows 
the  reactions  of  gallotannic  and  gallic  acids  and  pyrogallol  in  juxta- 
position. The  comparative  reactions  of  gallotannic  acid  and  other 
tannins  are  given  on  page  23. 

Commercial  Gallotannic  Acid  is  often  far  from  pure.  It 
frequently  contains  more  or  less  glucose,  chlorophyll,  volatile  oil, 
and  gallic  and  ellagic  acids.  Starch  has  been  met  with  to  the 
extent  of  25  per  cent. ,  and  in  more  than  one  instance  the  author 
has  known  it  to  be  entirely  substituted  by  gallic  acid,  either 
intentionally  or  accidentally. 

Glucose  may  be  detected  by  precipitating  the  solution  of  the 
sample  with  basic  acetate  of  lead,  and  heating  the  filtrate  with 
Fehling's  solution.  A  glucoside  may  be  detected  by  the  same 
method,  after  boiling  the  solution  with  dilute  sulphuric  acid  for 
ten  minutes,  and  neutralizing  the  liquid  with  soda.^ 

If  chloroj^hyll  be  present,  on  shaking  the  sample  with  an  equal 
w^eight  of  water  and  the  same  volume  of  ether  the  ethereal  layer 
will  be  colored  more  or  less  greenish. 

Gallotannic  acid  should  be  wholly  soluble  in  alcohol.  If  a 
residue  be  left  it  should  be  examined  for  starch. 

^According  to  J.  E.  Saul  {Pharm.  Jour.,  [3]  xvii.  387),  a  very  delicate  test 
for  glucose,  by  which  it  can  usually  be  detected  in  samples  of  commercial  tannin, 
is  to  agitate  about  0.01  gramme  of  the  sample  with  3  c.c.  water,  and  then  add 
three  drops  of  an  alcoholic  solution  of  thymol.  3  c.c.  of  concentrated  sulphuric 
acid  should  then  be  poured  in  so  as  to  form  a  separate  layer  below  the  aqueous 
liquid.  Under  these  circumstances,  tannin  containing  sugar  yields  a  turbid  deep 
rose-colored  solution,  while  gallic  acid  remains  untinted,  or  merely  develops  a 
very  faint  pink  tint  in  the  sulphuric  acid  layer;  and  pyrogallol  yields  a  dull  violet 
solution. 
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Mineral  impurities  will  be  indicated  by  ignition.  As  a  rule, 
conamercial  tannin  leaves  a  very  insignificant  proportion  of  ash, 
0.4  per  cent,  being  apparently  the  maximum  proportion  recorded. 

Gallic  acid  may  be  detected  in  commercial  tannin  by  leaving  the 
aqueous  solution  of  the  sample  in  contact  with  a  piece  of  untanned 
skin,  and  agitating  the  liquid  from  time  to  time.  If  the  tannin  be 
pure  it  is  entirely  absorbed,  and  the  liquid  becomes  insipid,  and 
no  longer  gives  a  coloration  with  ferric  chloride;  the  contrary 
being  the  case  if  gallic  acid  be  present.  Ungummed  silk  absorbs 
both  tannic  and  gallic  acids,  but  according  to  V  i  g  n  o  n,  tannin  is 
much  more  readily  absorbed  than  gallic  acid,  and  from  solutions 
containing  these  two  in  equal  quantities,  only  the  tannin  is 
absorbed. 

A  test  which  is  said  to  be  shorter  than  the  above,  and  at  the 
same  time  capable  of  detecting  traces  of  gallic  acid  in  tannin,  has 
been  described  by  S.  Young  (Chem.  News,  xlviii.  31).  The  sam- 
ple is  dissolved  in  a  little  water,  ether  added  equal  in  measure  to 
about  one- third  of  the  water  used,  and  the  whole  well  shaken. 
On  standing,  three  layers  are  formed.  -The  ethereal  or  uppermost 
is  removed,  evaporated,  and  the  residue  dissolved  in  water  and 
tested  with  potassium  cyanide,  when  a  strong  red  coloration  will 
be  obtained  if  the  sample  contained  even  a  trace  of  gallic  acid. 
The  middle  layer  contains  still  more  gallic  acid,  while  the  lowest 
aqueous  layer  is  almost  free  from  it.  By  repeating  the  agitation 
with  ether  several  times  a  complete  separation  of  the  gallic  acid 
can  be  effected. 

A  determination  of  the  actual  gallotannic  acid  present  in  the 
commercial  article  is  best  made  by  Lowenthal's  permangate 
method.  The  residue  of  ' '  not  tannin ' '  does  not  appear  always  to 
consist  entirely  of  gallic  acid,  glucose  being  probably  present  in 
some  cases. ^  The  following  results  were  obtained  by  T.  Maben 
(Pharm.  Journ.,  [3],  xv.  852),  by  applying  Lowenthal's  method 
to  representative  specimens  of  commercial  tannin.  The  moisture 
was  determined  by  drying  the  samples  in  vacuo  over  sulphuric 
acid.  ^ 

'  The  author  found  that  commercial  tannin  varied  to  the  extent  of  30  to  40  per 
cent,  in  its  power  of  precipitating  acetate  of  lead,  which  would  react  with  both 
gallic  and  gallotonic  acids. 

'^According  to  C.  Bottinger  {Jour.  Soc.  Dyers^  &c.,  July,  1888),  even  the 
purest  commercial  tannin  is  not  a  uniform  substance.  When  heated  to  150°,  under 
pressure,  with  concentrated  hydrochloric  acid,  it  gives  off  a  gas  burning  with  a 
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5 

6 

7 

8 
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Gallotannic  acic,  ...... 

Not-tanuiii  (by  difference),  .  . 
KMnO*  required  for  "not  tan- 

5.0 
88.8 
6.2 

5.86 

8.0 
86.9 
5.1 

1.92 

5.0 
54.4 
40.6 

6.01 

7.0 
56.9 
36.1 

6.94 

6.0 
79.9 
14.1 

1.08 

7.0 
77.2 
15.8 

3.08 

3.0 
82.3 
14.3 

6.63 

3.0 
59.7 
37.3 

5.55 

4.0 
70.7 
25.3 

3.89 

EUagitannic  Acid.  Cj^H^Pio- 

This  variety  of  tannin  is  contained  in  divi-divi  and  myrabolams, 
and  as  a  glucoside  in  pomegranate  rind.  When  boiled  with  dilute 
acids,  or  heated  with  water  to  110°  C.  in  a  sealed  tube,  it  loses 
HjO  and  yields  the  anhydride,  ell  agio  acid.  In  its  other 
chemical  reactions,  ellagitannic  closely  resembles  gallotannic  acid, 
but  yields  a  light  brown  precipitate  with  cupric  acetate. 

Ellagic  Acid. 

C,HA,  or  C,H,(OH),  {  ^^^^  }  C,H,(OH).CO.OH. 

This  acid  differs  in  composition  from  gallotannic  acid  by  two 
atoms  of  hydrogen,  and  is  formed  when  a  concentrated  aqueous 
solution  of  that  body  fs  exposed  for  a  considerable  time  to  the  air, 
or  by  its  reaction  with  iodine  : — Cj^Hj^Og  +  I2  =  2HI  +  Cj^HgOg. 
Ellagic  acid  is  also  produced  by  the  dehydration  of  ellagitannic 
acid  (see  above),  and  by  the  action  of  oxidizing  agents  on  gallic 
acid.  It  is  a  constituent  of  bezoar  stones.^  Air-dried  ellagic  acid 
contains  1  molecule  of  water,  which  it  loses  at  100°  and  re-absorbs 
in  moist  air.  When  heated  to  200°  C.  it  loses  HgO,  and  forms  an 
anhydride,  C^^HgOg,  which  is  slowly  reconverted  into  ellagic 
acid  by  boiling  with  water.    When  pure,  ellagic  acid  forms  a 

green-edged  flame  (methyl  chloride) ;  and  on  heating  the  tannin  with  water  and 
excess  of  bromine,  small  quantities  of  products  volatile  with  steam  are  produced. 
Nevertheless  such  tannin  is  almost  completely  fixed  by  hide,  and  yields  nothing 
but  gallic  acid  when  boiled  with  aqueous  caustic  alkalies.  When  boiled  with  a 
mixture  of  phenylhydrazine  hydrochloride  and  sodium  acetate  it  becomes  intensely 
yellow,  changing  to  a  brownish-yellow  coagulated  mass  on  standing.  This  reac- 
tion is  not  caused  by  the  presence  of  a  sugar. 

'  Ellagic  acid  is  readily  prepared  by  pouring  a  concentrated  alcoholic  extract  of 
divi-divi  into  water.  The  precipitate  may  be  purified  by  crystallization  from  hot 
alcohol.  It  may  also  be  obtained  by  boiling  the  aqueous  extracts  of  divi-divi, 
myrabolams,  pomegranate  rind,  &c.,  with  dilute  hydrochloric  acid,  and  may  be 
p»n-ified  by  solution  in  alcohol.  It  may  also  be  prepared  by  heating  gallic  acid 
wilh  dry  arsenic  acid  to  160°  C,  but  the  product  is  difficult  to  purify  from  arsenic. 
It  may  be  obtained  from  bezoar  stones  (intestinal  concretions  of  a  Persian  species 
of  goat)  by  boiling  with  potash  and  precipitating  with  hydrochloric  acid. 
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sulphur-yellow  crystalline  substance,  nearly  insoluble  in  water, 
even  when  boiling,  and  but  little  soluble  in  alcohol.  The  aqueous 
and  alcoholic  solutions  have  an  acid  reaction.  It  is  but  slightly 
soluble  in  ether,  but  small  quantities  may  be  effectually  extracted 
from  the  aqueous  solution  by  agitation  with  that  solvent.  In 
caustic  potash  ellagic  acid  dissolves  with  yellow  color,  which 
rapidly  becomes  darker,  and  black  crystals  of  potassium  glauco- 
melanate  separate.  Neutral  ferric  chloride,  when  shaken  with 
solid  ellagic  acid,  is  colored  greenish  at  first,  but  afterwards  be- 
comes inky  black.  The  solution  of  ellagic  acid  in  hot  alcohol  has 
a  pale  yellow  color,  and  deposits  the  acid  in  sulphur-yellow 
crystals  on  cooling.  With  lead  acetate  ellagic  acid  yields  a  preci- 
pitate containing  63  per  cent,  of  PbO.  Ellagic  acid  dissolves  in 
fuming  nitric  acid  with  deep  crimson  coloration.  With  the  pro- 
duct from  divi-divi,  the  nitric  acid  solution  retains  its  crimson 
color  on  dilution  with  water,  but  when  derived  from  other  sources, 
dilution  is  said  to  change  the  color  to  orange. 

Caffetannic  Acid.    Caffetannin.  C^H^^O,. 

This  variety  of  tannic  acid  occurs  in  coffee  berries.  When 
isolated  it  forms  brittle  masses  or  a  yellowish-white  powder.  It 
is  only  slightly  soluble  in  ether.  On  boiling  caffetannic  acid  with 
dilute  sulphuric  acid,  or  by  exposing  its  solution  in  caustic  alkali 
to  the  air,  the  liquid  acquires  a  blaish-green  color  owing  to  the 
formation  of  the  oxidation-product  v iridic  acid.  This  body 
is  characterized  by  giving  a  blue  precipitate  with  lead  acetate,  and 
a  crimson  color  with  strong  sulphuric  acid.  On  prolonged  boiling 
with  caustic  alkalies,  caffetannic  acid  yields  caffeic  acid, 
CgHgO^,  which  crystallizes  from  the  neutralized  solution.  When 
fused  with  caustic  potash,  caffetannic  acid  yields  protocatechuic 
and  acetic  acids.  Heated  alone,  it  gives  catechol.  Ferric  chloride 
gives  a  dark  green  color  with  caffetannic  acid,  and  cinchonine 
sulphate  a  white  precipitate,  but  solution  of  gelatin  is  not  affected. 

Quercitannic  Acid.  Quercitannin.^ 

According  to  C.  Etti  {Jour.  Chem.  Soc,  xliv.  994)  the  tannin 
of  oak-bark  exists  in  two  forms,  namely,  as  quercitannic 
acid,  and  as  an  anhydride  of  that  acid,  orphlobaphene.' 

^  Quercitannic  acid  is  said  to  be  identical  with  the  tannins  of  the  elm,  willow, 
and  black  tea. 

2  Quercitannic  acid  may  be  prepared  from  treating  oak-bark  with  alcohol,  evap- 
orating the  filtered  liquid,  dissolving  the  extract  in  water,  and  agitating  the  solu- 


QUERCITANNIC  ACID. 


41 


Quercitannic  acid  is  not  a  glucoside,  the  reactions  which  formerly 
caused  confusion  being  really  due  to  the  presence  of  Isevulin, 
which  on  treating  the  oak-bark  with  dilute  sulphuric  acid  was  con- 
verted into  Isevulose.  ^ 

Quercitannic  acid  is  amorphous,  brownish-red,  and  readily  sol- 
uble in  water  and  alcohol.  When  pure,  it  dissolves  completely  in 
ethyl  acetate,  and  does  not  yield  anything  to  pure  ether  or  benzene. 

In  very  dilute  alcoholic  solution,  quercitannic  acid  yields  a  pure 
yellow  precipitate  with  neutral  or  basic  acetate  of  lead,  but  in 
aqueous  solution  the  precipitate  produced  is  light  brown.  With 
ferric  and  ferroso-ferric  salts  quercitannic  acid  gives  a  blue-black 
color,  and  yellowish-white  precipitates  with  tartar-emetic,  gelatin, 
albumin,  and  alkaloids.  It  is  also  precipitated  by  solution  of  lead 
nitrate,  ammoniacal  chlorides  of  zinc  and  magnesium,  ammoniacal 
sulphate  and  acetate  of  copper,  and  by  molybdate  of  ammonium. 
It  readily  reduces  permanganate  and  Fehling's  solution.  Accord- 
ing to  H.  R.  Procter,  a  dilute  solution  of  quercitannic  acid  does 
not  precipitate  blood-albumin,  and  in  addition  renders  it  un- 
coagulable  by  heat,  even  in  presence  of  free  acid. 

According  to  E 1 1  i,  quercitannic  acid  has  the  composition 
Ci.H.eOg.'^    At  130°  to  140°  it  gives  up  water  and  yields  the  first 

tion  with  acetic  ether.  The  product  obtained  on  separating  and  evaporating  the 
ethereal  layer  is  contaminated  by  a  brownish-green  terpene  resin  and  with  some 
of  the  anhydrides  of  the  tannin.  The  resin  may  be  removed  by  treating  the  dried 
extract  with  ether  or  benzene,  in  which  it  is  readily  soluble ;  and  the  phlo- 
baphenes  or  tannin-anhydrides  may  be  separated  by  dissolving  the  tannin  in 
ether-alcohol,  or  partially  by  mere  solution  in  cold  water.  Or  the  soluble  anhy- 
drides may  be  precipitated  by  saturating  the  aqueous  solution  of  the  alcoholic 
extract  with  common  salt  before  shaking  with  acetic  ether. 

^  Tannic  acids,  which  are  almost  insoluble  in  water,  do  not  occur  in  combination 
with  a  sugar,  and  are  therefore  not  glucosides  ;  their  basis  is  said  to  be  a  ketone 
acid,  gallylgallic  acid,  having  the  constitution  : — 

and  is  formed  from  two  molecules  of  gallic  acid  with  the  elimination  of  one  mole- 
cule of  water. 

^  Etti  points  out  the  following  distinctions  between  gallotannic  and  quercitannic 
acids : — 

Gallotannic  Acid.  Quercitannic  Acid. 

Heated  with  dilute  sulphuric  acid      Yields  f?allic  acid,  giving     Yields  phlobaphene  or 
to  140°  under  pressure,  a  white  precipitate  with        oak-red,  giving  a  brown 

lead  acetate.  precipitate  with  lead 

acetate. 

Heated  with  acetic  anhydride,  Forms  aceto-tannins.  Yields  anhydrides  and 

acetylised  anhydrides. 

Boiled  with  aqueous  ammonia  in      Yields  gallamide  and  am-     Yields  indefinite  resinous 
an  atmosphere  of  hydrogen,  monium  gallate.  products. 
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anhydride  or  phlobaphcne,  Cg^HgoOi,,  which  is  brownish -red, 
nearly  insoluble  in  w^ater  and  in  ether,  but  readily  soluble  in 
alcohol  of  all  strengths.  It  exists  in  the  original  bark  together 
with  quercitannic  acid,  and  gives  a  brownish-red  precipitate  with 
lead  acetate.  When  boiled  with  dilute  sulphuric  or  hydrochloric 
acid,  the  phlobaphene  loses  1  molecule  of  water  and  yields  a 
second  anhydride,  Cg^UggO^g,  from  which  a  t h i r d,  C3^H260i5, 
may  be  obtained.  All  these  anhydrides  are  soluble  in  alcohol  and 
caustic  alkalies,  and  are  precipitated  blue-black  by  ferric  chloride. 
Lowe  has  obtained  a  fourth  anhydride,  C^fi^fi^^,  which  he 
designates  oak-bark  red,  a  name  which  has  been  applied  by 
other  observers  to  the  first  and  second  anhydrides. 

Tanners  designate  the  anhydrides  simply  as  ^'coloring  matter,'* 
and  reject  barks  containing  a  large  proportion,  as  they  impart  too 
red  a  color  to  the  leather. 

From  the  number  and  mode  of  formation  of  these  anhydrides, 
together  with  the  evolution  of  methyl  chloride  on  heating  the  tan- 
nin under  pressure  with  dilute  hydrochloric  acid,  Etti  concludes 
that  quercitannic  acid  is  a  methyl-derivative  of  digallic  or  gallyl- 
gallic  acid.  Etti  also  investigated  a  tannic  acid  of  the  formula 
C20H20O9,  obtained  from  the  bark  of  a  different  species  of  oak. 
This  agreed  with  the  other  acid  in  all  its  properties,  except  that  it 
gave  a  bluish-green  color  with  ferric  chloride,  rapidly  changing  to 
deep  green,  and  on  addition  of  sodium  carbonate  first  to  blue  and 
then  to  red.  This  variety  of  tannin  yields  four  anhydrides  similar 
in  character  to  those  of  the  acid  with  17  atoms  of  carbon. 

Lowe  {Jour.  Chem.  Soc.,  xl.  901)  gives  C28H2g0^5  as  the  formula 
of  the  hydrated  tannic  acid  of  oak-bark,  and  C2ji.^fiji  as  that  of 
the  oak-red.  Bottinger  (Ber.,  xvi.  2710)  adduces  evidence  of 
weight  in  favor  of  CjgH^gOjo  as  the  formula  of  the  tannic  acid,  and 
CggHjgOl,  as  that  of  the  oak-red.  He  has  also  attributed  to  the 
latter  the  formula  (Ci4HjoOg)2H20  (Jour.  Chem.  Soc,  xxxviii.  650). 
To  the  tannin  of  oak-wood  he  attributes  the  formula  C^firfig  (Jour. 
Chem.  Soc,  lii.  584).' 

^  It  is  probable  that  the  discrepant  statements  respecting  the  composition  of  oak- 
bark  tannin  are  due  to  the  presence  of  two  analogous  bodies.  According  to  F. 
Musset  {Jour.  Soc.  Chem.  Ind.,  iii.  525),  this  is  actually  the  case,  both  tannins 
being  precipitable  by  gelatin  and  oxidizable  by  permanganate.  One,  which  lie 
terms  oak-tannin,  may  be  extracted  by  repeatedly  agitating  the  infusion  with 
acetic  ether,  in  which  the  oak-red  tannin  is  insoluble.  He  prefers,  however, 
to  determine  the  oak-red  tannin  by  precipitation  with  iodine,  avoiding  presence  of 
air.    The  compound  formed  contains  7.8  per  cent,  of  iodine  and  an  equal  quantity 
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According  to  Etti,  the  most  of  the  sparingly  soluble  ketone 
tannic  acids  occur  in  plants  in  combination  with  a  metallic  base, 
probably  magnesium.  By  concentrating  the  aqueous  extract  and 
precipitating  with  hydrochloric  acid,  and  purifying  the  result- 
ing tannic  acid  by  extracting  with  alcohol  and  ether,  he  has  suc- 
ceeded in  isolating  acids  of  the  following  composition:— 

CjgH^Pg  from  the  stalk  oak, 

CigH^gOg  from  tannery  oak-bark, 

C20H22O9  from  copper  beech-bark, 

CgaH^gOg  from  hop-cones. 

That  the  first  acid  contains  a  ketone  group  is  proven  by  the  for- 
mation of  a  phenylhydrazine  derivative  and  an  oxime.  From  a 
consideration  of  its  reactions,  Etti  ascribes  to  it  the  formula: — 


with  two  methoxy-groups  of  unknown  position. 
Animal  Tannin. 

A  body  having  the  character  of  a  tannin  has  been  extracted  from 
corn  weevils  (Chem.  News,  Ivi.  175).  Three  per  cent,  was  obtained 
of  a  substance  forming  small  reddish-yellow  scales  soluble  in  water, 
alcohol,  aqueous  ether,  etc. ,  and  precipitating  gelatin,  albumin,  and 
alkaloids.  It  gave  a  bluish-black  coloration  with  ferric  salts,  and 
on  boiling  with  dilute  sulphuric  acid  split  up  into  glucose^  gallic 
acid,  and  a  red  phlobaphene. 

Lupulotannic  Acid.    Hop-Tannin.  Cg^HgAg. 

The  tannin  of  hops  is  a  glucoside  which  is  easily  soluble  in 
water  and  proof  spirit,  but  not  in  ether.    It  gives  a  green  color 

of  iodine  is  converted  into  hydriodic  acid.  An  equal  quantity  of  the  infusion  is 
treated  with  zinc  oxide,  and,  after  twenty-four  hours,  and  the  absence  of  more 
than  traces  of  tannin  in  the  filtered  solution  being  proved  by  gelatin  and  ferric 
acetate,  the  non-tannin  matters  are  titrated  with  a  decinormal  solution  of 
iodine.  By  deducting  the  amount  of  iodine,  required  by  the  non-tannin  matters 
from  that  consumed  by  an  equal  measure  of  the  original  infusion,  the  iodine  Avhich 
has  reacted  with  the  tannins  is  found,  and  by  subtracting  from  this  twice  the  quan- 
tity of  iodine  contained  in  the  precipitate  of  iodized  oak-red  tannin,  the  iodine 
corresponding  to  the  oak  tannin  is  ascertained.  Examined  in  this  manner. 
M  u  s  s  e  t  found  German  oak-barks  to  contain  from  7  to  8  per  cent,  of  oak-tanniu, 
and  6  to  10  per  cent,  of  oak-red  tannin. 


OH 


COOH 


OH 


OH 


OH 
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with  ferric  salts,  a  dirty  green  precipitate  with  cupric  sulphate,  a 
yellow  with  lead  acetate,  and  a  brownish-yellow  precipitate  with 
lime-water.  It  reduces  Fehling's  solution.  Lupulotannic  acid 
yields  a  precipitate  with  albumin  but  not  with  gelatin,  unless  it  be 
previously  dried  at  100°  C,  by  which  treatment  it  is  converted 
into  the  anhydride  orphlobaphene,  C^o^^fi^^,  a  body  coexist- 
ing with  lupulotannic  acid  in  the  hop,  and  having  all  the  charac- 
teristics of  a  tannin.  According  to  Etti,  it  is  a  glucoside  which 
yields  protocatechuic  acid,  phloroglucin,  and  glucose.  It  precipi- 
tates gelatin  solution  completely,  and  reduces  Fehling's  solution. 
It  is  soluble  in  alcohol  and  in  alkalies,  and  is  precijjitated  on 
acidulating  the  latter  solution. 

Catechu-tannic  Acid.    Mimotannic  Acid. 

The  tannins  which  yield  catechol  when  heated  differ  from  the 
pyrogallol  derivatives  by  giving  a  green  reaction  with  ferric  acetate. 
Like  oak-bark  tannin,  they  give  insoluble  red  phlobaphenes  or  an- 
hydrides by  the  action  of  dilute  acids.  Their  constitution  is  in 
most  cases  only  very  imperfectly  understood,  and  even  the  compo- 
sition of  them  is  uncertain.  The  tannin  of  catechu  is  typical  of 
this  class  of  tannic  acids. 

Catechu-tannic  acid,  probably  identical  with  the  body  described 
as  mimotannic  acid,  is  the  astringent  substance  contained  in 
catechu  (cutch)  and  gambler.^  It  is  extracted  by  cold  water  from 
catechu,  and  is  also  formed  by  heating  catechin  alone  to  130°,  with 
water  to  110°,  or  by  boiling  it  with  alkalies.  Catechu-tannic  acid 
is  a  dark  reddish-brown  powder,  moderately  soluble  in  water,  in- 
soluble in  ether,  but  readily  soluble  in  alcohol  and  in  acetic  ether. 
It  resembles  gallotannic  acid  in  many  of  its  characters,  but  gives  a 
greyish-green  precipitate  with  ferric  salts,  and  no  reaction  with  fer- 
rous salts.  It  is  also  distinguished  from  gallotannic  acid  by  giv- 
ing a  dense  precipitate  with  cupric  sulphate  and  none  with  tartar- 
emetic;  and  by  yielding  catechol  and  phloroglucol  by  fusion  with 
potash.  The  aqueous  solution  is  precipitated  by  gelatin,  albumin, 
and  dilute  sulphuric  acid.  When  treated  with  hydrochloric  acid 
and  potassium  chlorate,  in  excess,  catechu-tannic  acid  yields  a 
chloro-substitution-product  which  is  turned  purple-red  by  sodium 
sulphite.    Catechin  gives  the  same  reaction. 

^  It  is  doubtful  wliether  the  tannin  of  gambier  is  strictly  identical  with  that  of 
catechu. 


CATECHIN3, 
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Catechins. 

Catechu  and  gambier  contain  from  20  to  30  per  cent,  of  a  body 
called  cat ech  i  n,  which  appears  to  be  the  type  of  a  number  of 
similar  bodies  occurring  in  all  or  most  tannin  materials  yielding 
catechol-tannins.  A  catechin  has  certainly  been  recognized  in 
Colorado  quebracho,  and  the  kinoin  of  kino  is  a  body  of  similar 
nature.  The  co-existence  of  several  homologous  or  closely  analo- 
gous bodies  of  the  nature  of  catechin,  even  in  catechu  itself,  is  the 
probable  explanation  of  the  difference  in  the  formula  assigned  to 
catechin  by  different  observers.  Unless  qualified  in  some  way,  by 
the  term  catechin  the  body  contained  in  catechu  (cutch)  or 
gambier  is  always  understood. 

Catechin  may  be  prepared  from  gambier  or  catechu  by  digesting 
the  powdered  substance  in  cold  water  to  remove  the  catechu-tannic 
acid,  and  exhausting  the  residue  with  boiling  water.  Impure  cate- 
chin deposits  as  the  solution  cools,  and  may  be  redissolved  in  boil- 
ing water  and  decolorized  by  animal  charcoal. 

Catechin  forms  a  white  powder  consisting  of  silky  crystalline 
needles.  It  melts  at  217°  C.  and  yields  a  sublimate  of  catechol  on 
further  heating.  It  dissolves  readily  in  alcohol  and  boiling  water, 
but  requires  1183  parts  of  cold  water  for  solution.  Agitation  with 
ether  or  acetic  ether  extracts  it  from  its  aqueous  solution,  a  fact 
which  may  be  utilized  for  its  purification.  Though  sometimes 
called  ca technic  acid,  catechin  possesses  no  acid  properties, 
though  it  is  soluble  in  alkalies.  The  alkaline  solution  turns  brown 
on  exposure  to  air.  Catechin  dissolves  in  strong  sulphuric  acid 
with  deep  purple  coloration.  The  aqueous  solution  gives  white 
precipitates  with  lead  acetate  and  mercuric  chloride,  and  reduces 
ammonio-nitrate  of  silver,  but,  unlike  the  tannins,  does  not  pre- 
cipitate gelatin,  alkaloids,  or  tartar-emetic;  on  the  other  hand,  it 
yields  a  precipitate  with  albumin.  It  is  oxidized  by  permanganate 
in  presence  of  free  acid,  a  fact  which  may  be  utilized  for  its  esti- 
mation (page  73).  Heated  under  pressure  to  140°  with  dilute 
sulphuric  acid,  catechin  yields  catechol  and  phloroglucol.  With 
diazobenzene  chloride,  catechin  gives  a  red  crystalline  precipitate, 
which  is  soluble  in  alcohol  and  ether^  and  dyes  wool  golden-brown. 

Catechin  is  often  described  as  an  anhydride  of  mimotannic  acid, 
the  tannin  of  catechu  and  gambier,  but  according  to  Etti  the  op- 
posite of  this  is  probably  the  case.  In  constitution,  catechin  is 
probably  a  phloroglucide  of  tetra-hydrogenized  protocatechuic 
acid.    This  view  accounts  for  its  decomposition  by  fusing  caustic 
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alkali  with  evolution  of  hydrogen  and  formation  of  protocatechuic 
acid  and  phloroglucol:— CgH,.COOH:2CeH3(OH),-f  4H(0H)  = 
C,H3(0H),C00H  +  2C,H3(OH)3  + 

Different  observers,  however,  are  not  agreed  as  to  the  composi- 
tion of  catechin.  Thus  Liebermann  and  Tauchert,  who 
prepared  a  crystallized  diacetyl-derivative,  attribute  to  catechin 
from  catechu  the  formula  C^JIzqO^  +  SH^O  (Jour.  Chem.  Soc. , 
xl.  53.) 

By  the  graduated  action  of  heat  or  dilute  acid  on  catechin  it 
may  be  successively  converted  into  the  following  anhydrides: — 

catechin,      .       2C.H.A=C AeO^  ^^^pl^ 
Catechin-red;  Catechu- tan- )  n  ts  r\   1a-j  --i-x 
nic  acid  j  ^ss^gPis  f  Acid;  precipitates 

Di-anhydride,    *    .  *    .       C33H3,0,i  S^^^*^^' 
Tri-anhydride,        .       .       CooH,„0,, )  y     i        •  x 
Catechuretin,        2C„H,  A=C::h::o::  1 1"^^'"''!^  ^^t^'"" 

KiNoiN,  Ci^HjPg,  a  body  resembling  catechin,  is  obtained  from 
green  or  Malabar  kino  by  boiling  with  dilute  hydrochloric  acid, 
decanting  from  the  precipitated  kino-red,  and  agitating  with 
ether.  When  recrystallized  from  hot  water  it  forms  small  colorless 
prisms,  which  are  difficultly  soluble  in  cold  water  but  readily  in 
hot  water  and  in  alcohol.  Its  solution  is  colored  red  by  ferric 
chloride.  Heated  to  120°-130°  it  yields  the  anhydride,  kino- 
red,  C^gH^^O,,,  and  this  when  heated  to  160°-170°  gives  CjgH^oOjo. 
Both  anhydrides  are  precipitated  by  gelatin,  but  kinoi'n  itself  is 
not.  When  heated  with  hydrochloric  acid  to  120°-130°,  kinoin 
yields  methyl  chloride,  gallic  acid,  and  catechol,  and  hence  prob- 
ably has  the  constitution  ofaguaiacolormethyl-catechol 
g  a  1 1  a  t  e. 

According  to  Hennig  kino-red  is  a  coloring  matter  in  intimate 
combination  with  a  tannic  acid  supposedly  identical  with  gall- 
tannin.  As  it  possesses  acid  properties,  kino-red  has  been  termed 
kinoic-acid. 

Kino  is  quite  extensively  employed  in  medicine,  as  it  is  a  power- 
ful astringent,  for  the  purpose  of  suppressing  morbid  discharges. 

Tannin-yielding  Materials. 

The  following  table  gives  the  common  names  of  the  principal 
tannin-yielding  substances  used  in  commerce,  together  with  the 
botanical  names  of  the  plants  producing  them,  the  parts  of  the 
plant  used,  and  the  usual  percentage  of  tannin  contained  in  good 
specimens  of  each  material: — 
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Common  Name 
of  Material. 


Oak-bark  

Cork-bark,  .  .  . 
Valonia,  .  .  .  , 
Chestnut-oak 

extract, ... 
Hemlock-bark, . 

extract, 
Churco-bark,  .  . 
Monesia-bark,  . 
Mangrove-bark, 
Alder-bark, .  .  . 
Larch*-bark,  .  . 
Mimosa  (Wattle), 
Catechu  (Cutch), 

Gambier, .... 


Sumac,  

Chestnut-wood,  . 
"  extract, 

Quebracho-wood, 
"  extract,  solid, 
"      "  liquid, 

Marsh  Rosemary, 

Ratanhia,  .  .  .  . 

Myrabolams,  .  .  . 

Divi-divi,  

Kino,  

Gall-nuts  

Tamarisk  galls, .  . 
Rove  


Botanical  Name  of  Plant. 


Quercus  pedunculata  and  Q.  robur. 
Quercus  suber. 
Quercus  segilops. 

Quercus  (an  American  species). 

Abies  Canadensis. 
Abies  Canadensis. 
Oxalis  gigantea  (Chili)  ? 
Chrysophyllum  glycyphlcBum. 
Rhizophora  mangla. 
Alnus  glutinosa. 
Abies  larix. 

Acacia  dealbata  and  A.  molissima. 
Acacia  and  Areca  catechu. 

Uncaria  gambir  and  U.  acida. 

Rhus  coriaria,  R.  cotinus,  &c. 
Castanea  vera. 
Do. 

Aspidosperum  quebracho,  &c. 
Do. 
Do. 

Statice  eoriaria. 
Krameria  triandrla. 
Terminalia  chebula  and  T.  belerica. 
Caesalpina  coriaria. 
f  Pterocarpus    marsupium,    and ) 
t     Drepanocarpus  senegalensis.  | 
Quercus  infectoria,  &c. 
Tamarix  Indica,  and  T.  Africana. 
?  (Greece  and  Asia  Minor). 


Part  of  Plant 
used. 


Bark. 

8-13 

Inner  bark. 

10-14 

Acorn-cups. 

25-35 

Extract  from  bark. 

20-25 

Bark. 

10-14 

Extract  from  bark. 

18-28 

Bark. 

26 

Bark. 

32 

Bark. 

9-33 

Bark. 

16 

Bark. 

6-8 

Bark! 

24-30 

Extract  froin  wood. 

45-55 

( Extract    from  ^ 

■<  leaves  and  small  > 

36-40 

Leaves. 

15-30 

Wood. 

8-10 

Extract  from  wood. 

14-20 

Wood. 

14-23 

Extract  from  wood. 

53-60 

Do.  do. 

36 

Root. 

20-24 

Root. 

38-42 

Fruit. 

20-40 

Pod. 

30-50 

Extract  from  fruit. 

75 

Galls. 

60-77 

Galls. 

50-54 

Galls. 

24-34 

Ordinary 
percent,  of 
Tannin, 


C.  Councler  {Jour.  Chem.  Soc.  xlviii.  946)  has  published  the 
following  results.^  The  method  of  analysis  is  not  stated,  but  was 
probably  von  Schroeder's  modification  of  Lowenthal's  process. 


Tannin, 

Moisture. 

Total, 

Readily  Soluble. 

■ 

11.35 

16.88 

15.05 

8.25 

23.12 

19.93 

11.75 

21.20 

16.54 

9.25 

17.30 

12.70 

Root-bark  of  Kermes  Oak,  "Garouille" 

1  10.00 

8.69 

7.88 

4.97 

3.98 

18.00 

11.68 

11.15 

10.70 
6.80 

7.38 
8.17 

5.35 
6.02 

10.50 

12.53 

11.82 

11.67 

11.15 

8.93 

Wlllow-bark,  Russian,  Salix  purpurea, .... 

78 

1.72 

0.86 

7.9 

3.42 

2.14 

8.7 

4.71 

2.70 

13.4 

2.62 

1.34 

'*              "         amygdcUina,  .... 

7.6 

3.17 

2.27 

11.3 

19.36 

10.97 

10.0 

16.42 

7.66 

7.3 

8.49 

5.48 

^  In  the  same  paper  Councler  gives  some  interesting  calculations  of  the 
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The  following  results  by  Kay  and  B  a  s  t  o  w  {Jour.  Soc.  Dyers 
and  Col,  iii.,  132)  were  obtained  by  the  assay  of  tanning  materials 
exhibited  in  the  Indian  and  Colonial  Exhibition  of  1886.  The 
process  employed  was  Procter's  modification  of  Lowenthal's 
method  (see  page  73). 


Tanning  Material. 

Percentage  of  Tannin. 

In  terms  of  Oxalic 
Acid. 

In  terms  of 
Gallotannic  Acid. 

9.24 
12.86 
52.65 
37.65 
19.94 
76.00 
21.35 
22.44 
14.28 

6.53 
8.48 
34.49 
24.66 
12.86 

The  results  of  the  assay  of  a  large  number  of  tannin  matters  by 
Procter' s  method  are  given  on  page  73. 

F.  Sim  and  (Jour.  Soc.  Chem.  Ind.  iii.,  674)  gives  the  follow- 
ing results  of  the  assay  of  various  tannin  extracts  by  the  Lowen- 
thal-Neubauer  method. 


Tannin. 

Extract  from 

Density, 
Beam6. 

Remarks. 

Total. 

Soluble  in 
Cold  Water. 

Quebracho- wood,  solid,  . 

Valonia,  solid,  

Oak-wood,  liquid,  .... 

Fir,  liquid,  .  .  ... 
Chestnut-wood,  liquid, .  . 
Sumac,  liquid,  

i3o 

32° 
32° 
31° 
34° 

73.08 
70.44 
14.47 
24.37 
14.31 
23.52 
13.38 

70.09 
68.59 
15.09 
23.72 
13.72 
22.68 
10.75 

Dried  before  analysis. 
Do. 
Do. 

Commercial  extract. 
Do. 
Do. 
Do. 

price  per  kilogramme  of  the  tannin  present  in  various  commercial  extracts. 
Thus:— 


Material. 

Price  per  100  kilos, 
in  shillings. 

Percentage  of 
tannin. 

Price  of  tannin  per 
kilogramme  (=2.19 
lbs.)  in  pence. 

Quebracho- wood,  

"          "     extract,  . 
Hungarian  pine-bark,  .  .  . 

"         "    extract,  .  . 

Oak-bark  extract  

Chestnut-wood,  

16-18 
16-18 

11 

43 

55 
8 

92 

16-19 
36-60 

12 

14 

8^ 
3 

11 
14-18 
12 
36 
88 
11 
54 
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I.  Ishikama  has  published  the  following  figures  showing  the 
strength,  in  terms  of  gallotannic  acid,  of  various  tannin-yielding 
materials  of  Japanese  origin  (Chem.  News,  xlii.  274). 

Percentage  of  Tannin  (in 
terms  of  Gallotannic  Acid). 


Gall-nuts  (Japanese),  58.8  to  67.7 

"       (Chinese),  77.4 

Fruit  of  Alnus  firma,  25.3  to  27.5 

Bark  of  Myrica  rubra,  10.5  to  15.0 

Eind  of  Pomegranate,  20.4 

Betel-nut,  18.0 

Oak-hark  {Quercus  dentata)  {irmer),  7.4 

(outer),  2.6 


D.  Hooper  (Amer.  Jour.  Pharm.  1894,  377)  has  examined  a 
large  number  of  Indian  tannin-yielding  plants  for  the  amount  of 
tannin  which  they  contain.  The  following  table  gives  a  summary 
of  his  results: 


Per  cent. 

Per  cent. 

Tannin. 

Tannin. 

.  .  .  39.4 

.  .  .  16.7 

.  .  .  33.8 

.  .  .  16.1 

.  .  .  33.4 

.  .   .  16.0 

.  .  .  31.0 

.  .  27.4 

Dioxpyrus  embryopteris  . 

.  .  .  15.0 

.  .  .  27.4 

.  .  .  14.2 

.  .  .  26.8 

.  .  ,  20.8 

.  .  ,  20.6 

.  .  .  25.5 

.  .  .  12.4 

.  .  .  20.7 

Rhodomytrus  tomentosa  . 

.  .  .  19.5 

.  .  .  12.0 

.  .  .  18.4 

.  .  .  18.3 

.  .  .  10.9 

.  .  .  18.1 

.  .  .  10.3 

.  .  .  10.3 

Eugenia  caryophyl-lifolia  . 

.  .  .  10.1 

.  .  .  17.4 

.  .  .  10.0 

Bassia  longifolia  .... 

.  .  17.7 

Catechu  or  Cutch  is  the  dried  extract  from  the  w^ood  of  the 
Acacia  catechu  and  allied  species.  It  is  very  similar  in  nature  to 
gambler.  Cutch,  however,  produces  a  hard  red  leather-like  Mi- 
mosa, and  generally  occurs  in  more  or  less  brittle,  splintery  masses. 
Gambler  occurs  in  light,  porous  brown  cubes,  more  or  less  ad- 
herent, or  in  blocks  measuring  2  feet  X  1  foot  X  9  inches,  soft  in- 
ternally and  wrapped  in  matting.  Terra  japonica  is  a  trade-name, 
now  somewhat  obsolete,  for  both  cutch  and  gambler. 
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In  addition  to  a  large  proportion  of  a  variety  of  tannin  (cate- 
chu-tannic  acid),  catechu  contains  30  or  40  per  cent  ofcatechin 
(page  45),  which  is  deposited  on  cooHng  a  boihng  aqueous  solu- 
tion. 

Catechu  is  not  infrequently  adulterated  ;  starch,  sand,  clay,  and 
blood  being  among  the  materials  employed  for  the  purpose,  and 
Jessart  states  he  has  met  with  an  admixture  of  60  to  70  per  cent, 
of  ferrous  carbonate.  Catechu  should  not  yield  more  than  5  per 
cent,  of  ash,  nor  contain  more  than  12  per  cent,  of  matter  insolu- 
ble in  boiling  alcohol.  Starch  may  be  detected  by  treating  the 
sample  with  alcohol,  boiling  the  insoluble  residue  with  water,  and 
testing  the  cold  liquid  with  iodine,  which  gives  the  well-known 
blue  color  in  presence  of  starchy  matters.  The  presence  of  ordi- 
nary tannin-matters  is  indicated  by  the  modified  color  which  the 
sample  gives  with  ferric  salts,  pure  catechu  giving  a  decided  green. 
Blood  may  be  detected  by  treating  the  sample  with  alcohol,  and 
drying  and  heating  the  residue  in  a  tube,  when  ammonia  and  most 
oiJensive  vapors  will  be  produced.  Aqueous  solution  of  catechu 
should  give  with  albumin  or  gelatin  an  abundant  precipitate;  with 
salts  of  tin  and  lead,  yellow  precipitates  of  various  tints;  and  a 
brown  precipitate  with  bichromate  of  potassium.  It  should  take  a 
decided  brown  hue  with  alkalies,  and  give  a  greenish  color  with 
ferric  chloride.  Good  catechu  yields  at  least  half  of  its  weight  to 
ether  and  should  be  entirely  soluble  in  boiling  water,  the  latter  so- 
lution depositing  catechin  on  cooling.  Catechu  does  not  w^holly 
dissolve  in  cold  water  unless  it  has  been  previously  modified  by 
age  or  exposure  to  dampness. 

An  aqueous  solution  of  Pegu  cutch  gives  dense  precipitates  with 
bromine-water  and  cupric  sulphate,  neither  of  which  reagents  af- 
fects gallic,  gallotannic,  or  pyrogallic  acid.  In  dilute  solution, 
Pegu  cutch  does  not  precipitate  potassium  bichromate,  but  gallo- 
tannic acid  does. 

The  proportion  of  tannic  acid  in  catechu  is  best  determined 
by  Lowenthal's  gelatin-permanganate  process  (page  73).  The 
proportion  of  catechin  may  be  roughly  deduced  from  the  vol- 
ume of  permanganate  decolorized  after  removal  of  the  mimotannic 
acid  by  means  of  gelatin.  More  accurate  results  are  obtainable  by 
employing  a  moderate  excess  of  gelatin,  removing  the  catechin 
from  the  filtrate  by  agitation  with  ether,  evaporating  the  ethereal 
liquid,  dissolving  the  residue  in  warm  water  and  titrating  with 
permanganate. 
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In  order  to  distinguish  between  catechu  and  gambier,  Dic- 
terich  (Pharm.  Central,  H.  1896,  855)  recommends  the  follow- 
ing fluorescence  test:  3  grammes  gambier  are  dissolved  in  25  c.Co 
normal  caustic  potash  and  100  c.c.  water.  50  c.c.  benzene  (sp.  gr. 
0.700)  are  then  added,  and  the  whole  is  agitated  in  a  separating 
funnel.  After  allowing  to  stand,  the  layers  separate,  and  it  is  seen 
that  the  benzene  shows  a  more  or  less  intense  green  fluorescence 
according  to  the  duration  of  the  action.  Acacia  catechu  does  not 
show  this  reaction. 

Kino  generally  occurs  in  irregular  black  fragments,  but  it  is  also 
met  with  in  round  cakes.  Thin  slices  are  often  transparent  and 
of  a  reddish  color;  the  powder  is  red.  Kino  should  be  completely 
soluble  in  hot  water,  forming  a  red  liquid  which  gradually  becomes 
turbid.  Kino  is  sometimes  adulterated,  the  usual  sophistications 
being  dragon's  blood,  pitch,  catechu,  and  ratanhia  extract.  The 
last  substance  may  be  distinguished  from  kino  by  touching  a  frag- 
ment of  the  sample  with  the  tongue;  kino  remains  reddish-brown, 
but  ratanhia  extract  takes  a  fine  bronze  tint,  which  lasts  as  long  as 
the  surface  of  the  fragment  is  wet.  The  ash  of  kino  should  not 
exceed  3  or  4  per  cent. 

Divi-Divi  is  composed  of  the  bean-like  pods  of  Csesalpina  cor- 
iaria,  a  small  tree  found  in  the  neighborhood  of  Maracaibo  and 
other  parts  of  South  America.  The  pods  are  ahout  three  inches 
long,  bro^Ti  or  blackish  in  color,  and  generally  folded  up  or  bent 
into  the  shape  of  a  letter  S.  The  best  pods  are  thick  and  fleshy, 
and  of  a  comparatively  pale  color.  D'eep  brown  pods  with  black 
patches  have  been  gathered  when  wet,  or  subsequently  exposed  to 
dampness,  which  injures  them  considerably. 

Galls  is  a  generic  name  applied  to  those  excrescences  on  plants 
produced  by  the  punctures  of  insects  for  the  purpose  of  depositing 
their  eggs.  Galls  are  the  most  valuable  and  important  of  all  tan- 
nin matters.^  Nut-galls,  oak-galls,  Aleppo  or  Turkey-galls  are  the 
produce  of  the  female  of  an  insect  called,  cynips  (gall-wasp),  which 
pierces  the  buds  on  the  young  branches  of  the  Quercus  infectoria 
and  other  species  of  oak.  The  eggs  therein  deposited  soon  hatch, 
while  the  bud  loses  its  natural  growth  and  swells  out  to  the  size 
of  a  hazel-nut.    When  perfect,  the  insect  punctures  a  hole  and 

^  A  sample  of  gall-nuts  analyzed  by  Guibourt  contained: — tannic  acid,  65.0; 
gallic  acid,  2.0,  ellagic  and  luteo-gallic  acid,  2.0;  chlorophyll  and  volatile  oil, 
0.7;  brown  extractive  matter,  2.5;  gum,  2.5;  starch,  2.0;  woody  fibre,  10.5; 
sugar,  albumin,  and  ash,  1.3;  water,  11.5  per  cent. 
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escapes.  Good  gall-nuts  should  not  be  so  pierced;  they  should  be 
heavy,  and  of  a  fresh  green  or  blue  color  ("green  galls ").  If  the 
insect  has  escaped,  they  are  yellow  and  inferior  ("white  galls"). 
The  best  oak-galls  contain  60  to  70  per  cent,  of  gallotannic  acid, 
and  about  3  per  cent,  of  gallic  acid. 

Worm-eaten  galls  are  sometimes  doctored  by  filling  the  holes 
with  wax.  The  fraud  may  be  detected  by  immersing  the  galls  in 
boiling  water,  which  melts  the  wax  and  renders  the  holes  visible. 
Exhausted  galls  are  occasionally  colored  by  washing  them  with  a 
solution  of  ferrous  sulphate,  which  is  readily  detected  by  its 
chemical  reactions. 

Knoppern  are  galls  formed  from  iinmature  acorns  of  several 
species  of  oak,  and  are  largely  used  for  tanning  throughout  Austria. 
In  a  large  number  of  samples  of  Austrian  galls  of  the  year  1884, 
Eitner  found  from  28  to  35  per  cent,  of  tannin,  the  moisture  being 
about  12  per  cent.  (Jour.  Chem.  Soc,  xlviii.  947). 

Chinese  and  Japanese  gall-nuts  are  a  production  of  the  Rhus 
semialata.  They  are  very  light  and  hollow,  and  distorted  by 
numerous  protuberances,  and  are  completely  covered  by  a  thick 
velvety  grey  down.  Chinese  galls  are  much  used  for  the  prepara- 
tion of  tannin,  of  which  they  contain  about  70  per  cent.  English 
^  galls  from  the  common  oak  are  much  inferior  to  the  foreign 
varieties.  They  are  smooth,  brown,  and  slightly  speckled  with 
pale  brown  excrescences.  The  Japanese  are  smaller,  paler,  and 
generally  more  esteemed. 

Myrabolams  are  the  fruit  of  several  species  of  Terminalia.  In 
size  and  shape  the  myrabolam  resembles  a  slightly  shriveled  plum. 
As  imported,  myrabolams  contain  from  3  to  7  per  cent,  of  mois- 
ture, and  leave  about  10  per  cent,  of  ash  on  ignition.  The  tannin 
is  chiefly  contained  in  the-  dried  pulp  enclosing  the  stone. 

Good  myrabolams  should  be  of  a  pale  buff  color,  plump,  or  but 
&lightly  shriveled,  and  free  from  worm-holes  or  blackish  stains  or 
blotches.  They  should  be  hard  and  firm,  and  when  broken  with 
a  hammer  should  form  a  light-colored  dry  powder  and  irregular 
fragments.  If  they  crumble  between  the  fingers  to  a  dark  colored 
dust,  or  flatten  under  the  hammer,  they  are  inferior.  The  stones 
contain  very  little  tannin,  and  hence  their  proportion  should  be 
ascertained  by  breaking  50  nuts  with  a  hammer,  clearing  the 
stones  from  any  adherent  pulp,  and  weighing  them  separately. 
They  may  constitute  from  23  to  52  per  cent,  of  the  whole  fruit. 

Ground  myrabolams  should  be  light  in  color,  dry,  and  free  from 
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a  saline  or  an  intensely  bitter  taste.  When  slightly  moistened  and 
rubbed  in  the  hand  they  should  adhere  very  tenaciously  to  the  skin. 

Myrabolams  are  sometimes  mixed  with  earth,  sand,  nux  vomica^ 
betel-nuts,  and  a  variety  of  seeds  and  berries.  They  may  also  be 
adulterated  with  finely-ground  divi-divi,  wild  galls,  and  old  and 
worthless  sumaCc  On  scattering  the  powdered  substance  on  a 
sheet  of  paper,  and  examining  it  with  a  lens,  it  will  be  recognized 
by  the  fragments  of  its  brown,  flat,  smooth  pea-like  seeds,  which 
from  their  hardness  and  smoothness,  escape  being  crushed  to 
powder.  The  leaf  stalks  of  sumac  are  readily  distinguished  from 
the  torn,  irregular  fibre  of  the  myrabolams. 

Myrabolams  contain  the  same  tannin  principles  as  Algarobilla, 
and  in  similar  ratio. 

Sumac,  or  Shumac,  consists  of  the  leaves,  leaf-stalks,  and  small 
twigs  of  several  species  of  Rhus.  It  is  sometimes  sold  whole, 
sometimes  coarsely  bruised,  but  more  commonly  in  fine  powder. 
The  best  Silician  sumac  gives  a  bright  green  powder  which  has  a 
pleasant  tea-like  odor.  The  second  quality  is  reddish-yellow;  and 
Spanish  sumac  has  usually  a  fawn-color. 

Sumac  should  be  quite  dry,  and  free  from  cakes  or  lumps,  the 
presence  of  which  shows  the  sample  has  been  exposed  to  damp- 
ness and  will  probably  have  become  seriously  deteriorated.  The 
color  should  be  bright.  If  dull,  the  sample  is  probably  damaged 
by  long  keeping,  or  is  mixed  with  sumac  of  inferior  quality. 

Sumac  sometimes  contains  a  notable  proportion  of  earth  or  sand; 
10  per  cent,  of  ash  is  sometimes  left  on  ignition. 

Valonia  consists  of  the  acorn-cups  of  certain  species  of  oak, 
chiefly  exported  from  Smyrna,  but  also  obtained  from  other  parts 
of  Asia  Minor,  as  well  as  from  Greece  and  the  Grecian  Archipe- 
lago. They  should  be  of  a  bright  drab  color.  If  dark  they  have 
suffered  from  dampness,  and  will  be  deteriorated  in  quality. 

Cayota  is  a  reddish-brown  bark  which  comes  from  the  south- 
ern part  of  Mexico,  where  it  is  used  for  tanning  thick  sole  leather. 
It  is  easily  powdered,  has  a  resinous  odor,  and  contains  from  22- 
30  per  cent,  tannin.  It  is  said  to  give  silk  the  same  suppleness  as 
when  sumac  is  used. 

Algarobilla  consists  chiefly  of  the  pods  of  the  csesalpinia 
brevifolia  of  Chili;  it  is  used  considerably  in  its  native  country  for 
tanning  and  black  dyeing.  Its  tannin  is  not  a  uniform  body,  but 
is  a  mixture  of  two,  one  of  which  is  a  glucoside  of  gallotannic  acid, 
furnishing  gallic  acid  and  sugar  by  hydrolysis.    The  second  tan- 
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nin,  present  in  much  larger  quantity,  is  free  from  sugar.  It 
easily  separates  into  ellagic  acid,  and  is  identical  with  the  tannic 
acid  prepared  from  myrabolams  and  divi-divi. 

Algarobilla  gives  the  following  reactions: 

Sulphuric  acid  ^ 

Hydrochloric  acid  >■  — render  the  solution  turbid. 
Oxalic  acid  3 

Caustic  alkalies — liquid  turns  brown,  slight  precipitate. 
Lime  w^ater — darker  color  with  an  abundant  dirty  white  pre- 
cipitate. 

Alum  I  — clear  yellow-brown  precipitate. 

Stannous  chloride  J  x- 

Aluminium  acetate — copious  clear  yellow  precipitate. 

Lead  acetate — ^greenish-yellow  precipitate. 

Copper  acetate — reddish-brown  precipitate. 

Iron  salts — blacken  liquid;  bluish-black  precipitate. 

Iron  salts  (in  small  quantity) — greenish-black  color. 

Potassium  bichromate — liquid  yellowish-brown. 

Gelatin — copious  yellow-brown  precipitate. 

Canaigre  consists  of  the  ground  roots  of  the  rumex  kymeno- 
sepalum,  growing  in  the  sandy  soils  of  Mexico  and  the  southwestern 
states  of  America.  The  wood  contains  20-30  per  cent,  of  tannin, 
and  its  extract  contains  40-60  per  cent,  of  tannin.    (Trimble. ) 

Quebracho  is  a  tree  which  is  native  of  Argentina,  Cuba,  and 
other  sub-tropical  countries.  Its  name  signifies  "break  hatchet," 
and  refers  to  the  great  hardness  of  the  wood.  The  tree  grows  to  a 
considerable  size,  and  its  bark  is  thick  and  red  and  possesses  im- 
portant tanning  properties.  The  wood  has  a  density  of  1.26,  and 
when  freshly  cut  has  a  bright  orange  color  which  rapidly  darkens 
to  a  reddish  shade  on  exposure.  The  tannin  from  the  bark  and 
wood  is  readily  extracted  by  boiling  water.  The  ground  wood 
contains  about  18  per  cent,  of  tannin,  which,  however,  is  reduced 
on  exposure  to  the  air  for  any  length  of  time,  probably  due  to  a 
resinification  setting  in.  The  extract,  30°  Be.,  contains  about  50- 
56  per  cent,  of  tannin,  while  the  dried  extract  will  contain  over  60 
per  cent,  of  tannin. 

An  infusion  of  quebracho  gives  the  following  reactions: — 

Dilute  sulphuric  acid  and  hydrochloric  acid,  a  bright  orange 
precipitate. 

Alum  to  an  alkaline  solution,  an  orange-red  lake. 
Aluminium  acetate,  a  yellow  precipitate. 
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Stannous  chloride,  an  orange-yellow  precipitate. 

Stannic  chloride,  a  darker  precipitate. 

An  iron  salt,  in  small  quantity,  a  blue-black  precipitate. 

An  iron  salt,  in  large  quantity,  a  grey  precipitate. 

Potassium  bichromate,  a  reddish-brown  precipitate. 

Copper  salts,  a  greenish  precipitate. 

Lead  acetate,  a  bright  precipitate. 

Aluminium  sulphate,  a  greyish  precipitate. 

Palmetto  is  an  evergreen  palm-like  shrub,  which  grows 
abundantly  in  the  Southern  States  of  America.  The  extract  con- 
tains from  8  to  12  per  cent,  of  tannin  and  is  employed  for  tanning 
leather. 

Qualitative  Recognition  of  Tannin  Materials. 

The  table  on  next  page,  due  to  H.  R.  Procter,  shows  the 
behavior  of  infusions  of  a  number  of  commercial  tannin  matters 
with  various  reagents.  The  infusions  must  be  very  weak,  not 
exceeding  1.002  in  specific  gravity,  or  precipitates  may  be  formed 
where  mere  coloration  or  clouding  is  described  as  occurring.  By 
means  of  the  table,  the  origin  of  any  simple  tannin  infusion  is  said 
to  be  ascertainable,  but  in  the  case  of  mixed  infusions  the  indica- 
tions are  less  reliable.  In  such  cases,  color-reactions  are  apt  to 
mislead,  and  it  is  safer  to  rely  on  the  categorical  test  of  precipitate 
or  no  precipitate,  coloration  or  no  coloration,  without  regard  to  the 
tint. 

In  some  cases,  only  negative  peculiarities  are  recorded,  and  the 
material  cannot  be  positively  identified  in  admixture  with  other 
tannin  matters  giving  positive  indications  with  the  same  reagents. 
Thus  an  infusion  of  myrabolams  could  not  be  distinguished  with 
certainty  from  an  infusion  of  divi-divi,  where  any  other  material, 
such  as  gambler,  was  present,  which  gives  a  deep  coloration  with 
concentrated  sulphuric  acid. 

In  addition  to  the  reactions  described  in  the  table,  the  identi- 
fication of  the  products  of  the  action  of  heat  on  tannins,  and  of 
their  treatment  with  dilute  acids  and  fusing  caustic  alkali,  affords 
a  valuable  means  of  differentiation. 

Most,  if  not  all,  of  the  ordinary  varieties  of  tannin  give  with  an 
ammoniacal  solution  of  potassium  ferricyanide  a  deep  red  colora- 
tion, rapidly  becoming  brownish,  especially  on  addition  of  excess 
of  the  reagent. 

The  extract  from  a  bark  yields  more  ash  than  that  from  a  wood. 
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Reagent. 

Myrabolams. 

Divi-divi. 

Valonia. 

Oak-Bark. 

Chestnut  Wood 
(Extract). 

Boiled  with 
equal  volume 
of  dilute  sul- 
phuric acid 
(1  to  9). 

Pale  deposit 
.(ellagic  acid) 
'on  cooling. 

Pale  deposit 
(ellagic  acid) 
on  cooling. 

Slight  pale 
deposit. 

• 

Slight  pale 
deposit  or 
turbidity  ou 
cooling. 

No  deposit. 

Bromine  water. 

No  precipi- 
tate. 

No  precipi- 
tate. 

No  precipi- 
tate. 

Pale  precipi- 
tate. 

No  precipitate. 

("Dilute  ferric 
chloride. 

Blue-black 
precipitate. 

Dark  blue 
precipitate. 

Blue  -  black 
precipitate. 

Bluish-black 
precipitate. 

Blue -black  pre- 
cipitate. 

On  adding  am- 
l.  monia. 

Brown  pre- 
cipitate. 

Dark  red  pre- 
cipitate. 

Red  -  brown 
precipitate. 

Red  -  brown 
precipitate. 

Purple  precipi- 
tate. 

C Solution  tartar 
emetic. 

No  precipi- 
tate. 

Faint  cloud- 
ing. 

No  precipi- 
tate. 

No  precipi- 
tate. 

Slight  clouding. 

1  Add  ammon- 
L   ium  chloride. 

Light  preci- 
pitate. 

Dense  preci- 
pitate. 

Pale  precipi- 
tate. 

Whitish  pre- 
cipitate. 

Pale  precipitate. 

fCopper  sul- 
j  phate. 

Faint  cloud- 
ing. 

Slight  green 
precipitate. 

No  precipi- 
tate. 

Slight  pre- 
cipitate. 

No  precipitate. 

1  On  adding  am- 
t  monia. 

Dense  dark 
precipitate. 

Dense  dark 
precipitate. 

Dark  reddish 
precipitate. 

Brown  pre- 
cipitate. 

Light  brown  pre- 
cipitate. 

Lime-water. 

Yellow  pre- 
cipitate turn- 
ing greenish. 

Yellow  pre- 
cipitate 
turning 
purple. 

Yellow  pre- 
cipitate 
turning  red- 
purple. 

Brown  pre- 
cipitate. 

White  precipi- 
tate turning 
light  blue. 

Ammonium 

molybdate 
in  pitric  acid. 

Dirty  yellow 
precipitate. 

Dark  green- 
ish precipi- 
tate. 

Dark  green- 
ish precipi- 
tate. 

Greenish  pre- 
cipitate. 

Y'ellow  color. 

With  sodium 
sulphide  ex- 
posed to  air. 

Yellow  color. 

Yellow  color. 

Turns  pur- 
plish-red. 

Turns  red. 

No  change. 

Add  concen- 
tratedsul- 
phuric  acid 
to  one  drop 
of  infusion. 

Yellow  color. 

Intense  crim- 
son. 

Deep  yellow. 

Deep  red  pre- 
cipitate on 
dilution. 

Light  yellow. 

Lead  nitrate. 

Light  yellow 
precipitate. 

Dark  yellow 
precipitate. 

Pale  preci- 
pitate. 

Brown  pre- 
cipitate. 

White  precipi- 
tate. 

Cobalt  acetate. 

Buff  precipi- 
tate. 

Buff  pink 
precipitate. 

Dirty  pink 
precipitate. 

Brown  pre- 
cipitate. 

Flesh  -  colored 
precipitate. 

Manganese 
acetate. 

Yellow  pre- 
cipitate. 

Yellow  pre- 
cipitate. 

Dirty  yellow 
precipitate. 

Brown  pre- 
cipitate. 

White  precipi- 
tate. 

Uranium  ace- 
tate. 

Dark  red 
color. 

Dark  red 
color. 

Dark  red 
color. 

Dark  brown 
precipitate. 

Crimson  color, 
turning  dark 
red. 

Ammonical 
picric  acid  so- 
lution. 

No  precipi- 
tate. 

No  precipi- 
tate. 

Brown  pre- 
cipitate. 

No  precipi- 
tate. 

No  precipitate. 

Potassium 
bichromate. 

Brown  preci- 
pitate. 

Brown  pre- 
cipitate. 

Brown  pre- 
cipitate. 

Brown  pre- 
cipitate. 

Brown  precipi- 
tate. 
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Hungarian 

Larch 
(Extract) 

Hemlock 

^  TjA  Li OtKjlJ* 

Mimosa 
Bark. 

Cutch 

Gambler 

Gallotannic 
Acid,  1  x>er 
cent. 

Yellow  floccu- 
1  e  n  t  deposit 
separates 
quickly. 

Abundant 
red  floccu- 
lent  deposit. 

Heavy  red 
deposit  on 
cooling, 

Light  red 
deposit  on 
cooling. 

Reddish  de- 
posit on 
cooling. 

Usually  some 
pale  deposit. 

Yellow  precipi- 
tate. 

Yellow  pre- 
cipitate. 

Yellow  pre- 
cipitate: 

Yellow  pre- 
cipitate. 

Yellow  pre- 
cipitate. 

No  precipitate. 

Dull  brown 
precipitate. 

Dirty  green 
precipitate. 

Full  brown 
precipitate. 

Green-black 
precipitate. 

Intense  green 
color. 

Blue-black  pre- 
cipitate. 

Dull  red  precipi- 
tate. 

Reddened 
precipitate. 

Purple  color. 

Dark  red 
precipitate. 

Reddened. 

Reddened  pre- 
cipitate. 

No  precipitate. 

No  precipi- 
tate. 

White  pre- 
cipitate. 

No  precipi- 
tate. 

No  precipi- 
tate. 

No  precipitate. 

Pale  precipi- 
tate. 

Slight  pale 
precipitate. 

Dense  white 
precipitate. 

Pale  precipi- 
tate. 

Faint  cloud- 
ing. 

White  precipi- 
tate. 

Slight  cloud. 

Pale  precipi- 
tate. 

Slight  pre- 
cipitate. 

Dense  pre- 
cipitate. 

No  precipi- 
tate. 

No  precipitate. 

Deep  blue  col- 
oration. 

Dark  green 
coloration. 

Deep  red  pre- 
cipitate. 

Deep  violet 
coloration. 

Dark  green 
coloration. 

Brown  precipi- 
tate. 

Dirty  brown 
precipitate. 

Brown  pre- 
cipitate. 

Slight  red- 
dish jjre- 
cipitate. 

Slight  cloud, 
soluble  in 
excess. 

No  precipi- 
tate. 

Pale  piecipitate 
turning  blue. 

Slight  clouding. 

Slight  pre- 
cipitate. 

Brown  pre- 
cipitate. 

Slight  cloud, 
soluble  in 
excess. 

No  precipi- 
tate. 

Yellow  color. 

No  change. 

No  change. 

Turns  red. 

Slight  red- 
dening. 

No  change. 

No  change. 

Dark  brown  or 
crimson. 

Intense  crim- 
son. 

Intense 
purple-red. 

Deep  red.  no 
precipitate 
on  dilution. 

Dark  brown 
or  crimson. 

Yellow. 

Pale  precipi- 
tate. 

Pale  precipi- 
tate. 

Clouding. 

No  precipi- 
tatfe. 

Faint  cloud- 
ing. 

White  precipi- 
tate. 

Purplish    p  r  e- 
cipitate. 

Purple  pre- 
cipitate. 

Brown  pre- 
cipitate. 

Brown  pre- 
cipitate. 

No  precipi- 
tate. 

Purple  precipi- 
tate. 

Slight  clouding. 

Slight  pre- 
cipitate. 

tate. 

No  precipi- 
tate. 

No  precipi- 
tate. 

White  precipi- 
tate. 

Slight  darken- 
ing. 

Light  brown 
precipitate. 

Dark  red 
color. 

Dark  red 
color. 

Dark  red 
color. 

Crimson  color. 
Brown  precipi- 
tate. ' 

No  precipitate. 

Clouding. 

No  precipi- 
tate. 

No  precipi- 
tate. 

No  precipi- 
tate. 

No  precipitate. 

^  No  precipitate. 

Brown  pre- 
cipitate slow- 
ly formed. 

Brown  pre- 
cipitate. 

Brown  color. 

Brown  pre- 
cipitate slow- 
ly formed. 

Brown  precipi- 
tate. 
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The  ash  of  an  oak  or  pine  extract  contains  manganese  and  has  a 
green  color,  or  becomes  green  on  being  fused  with  sodium  car- 
bonate and  a  Httle  nitre. 

On  shaking  a  concentrated  solution  of  quebracho  extract  with 
acetic  ether,  the  ethereal  layer  becomes  at  first  green  and  then 
brown. 

The  bark  and  extract  of  the  American  chestnut  oak  (Quercus 
castanea)  contains  a  substance  exhibiting,  like  sesculin,  a  powerful 
blue  fluorescence,  especially  in  alkaline  solution. 

Pure  tannins  yield  different  kinds  of  derivatives  with  phenyl- 
hydrazine;  but  as  these  do  not  crystallize  no  satisfactory  separa- 
tion can  be  made  in  this  manner. 

Sumac  extracts  are  distinguished  by  a  peculiar  tarry  smell,  and 
yield  a  high  ash. 

H.  R.  Procter  (Jour.  Soc.  Chem.  Ind.,  xiii,  487)  gives  the  fol- 
lowing tables  for  the  qualitative  recognition  of  tanning  materials: 


Table  I. 


Bromine  Water  produces  a 
precipitate. 

Iron- Alum  gives  Greenish 
Blacks. 

(Catechol  Tannins.) 

CUSO4  with  excess  of 
NH4OH. 


Precipitate 

Precipitate 

redissolves. 

does  not 

redissolve. 

la 

1/5 

Table  II. 

Table  III. 

Bromine  Water  produces  a 
precipitate. 

Iron-Alum  gives  Blue  or 
Purplish  Blacks, 

(Mixed  and  Doubtful.) 

NaNOg  with  5  drops  of 
NHCl. 

Bromine  Water  produces 
no  precipitate. 

Iron- Alum  gives  Blue 
Blacks. 

(Pyrogallol  Tannins.) 

NaNOa  with  5  drops  of 
NHCl. 

No  reaction, 
or,  at  most, 
darkening. 

2a 
Table  IV. 

Color  change 
from  Red 

towards  Blue 
or  Green. 

2/3 

Table  V. 

Color  change 
through  Red 
to  Blue. 

3a 
Table  VI. 

No  reaction. 

3/5 
Table  VII. 
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Lime 
Water. 

Reddish 
pp.  slowly 
formed. 

No  pp. 

Reddish 
pp. 

Bright 
red  pp. 

Dull 
brown  pp. 

Red  brown. 

Reddish 
brown  pp. 

o 

w 

Red-brown 
color. 

Crimson, 
dilute  pink. 

Crimson. 

Crimson, 
dilute  pink. 

Crimson. 

Crimson, 
dilute  pink. 

Crimson. 

Crimson, 
dilutes  pink. 

o 

w 

Reddens. 

No  react. 

Pink  color. 

Slight  pink 
color. 

Pink  color. 
Reddens. 

Deal 
Shaving 
and  HCl. 

Deep 
violet-red. 

No  react. 

Trace. 
No  react. 

Slow 
violet 
react. 

No  react. 

5  w 

No  react. 

Pink 
color. 

No  react. 
II 

^  ,  o 

s  g 

Pp.  redis- 
solves  red- 
violet  color. 

Pp.  redis- 
solves  brown 
color. 

Pp.  redis- 
solves  red 
violet. 

Pp.  redis- 
solves  red- 
brown. 

Pp.  redis- 
solves 
brown. 

<< 

Nitrous 
Acid. 

No  react, 
darkens. 

No  react, 
darkens  pp. 

No  react. 

Reacts 
somewhat. 

Reacts 
faintly,  if 
at  all. 

Reacts  ? 

Bromine 
Water. 

Pp. 

II 
II 

II 

Ferric 
Alum. 

Green- 
black. 

Olive-black 
pp. 

Green- 
black. 

Green- 
black  color. 

11 

Green- 
black 
coloration. 

Class  la. 

Cutches  from  Ac.  catechu 
wood. 

"Thann    leaf"  extract 
(a  cutch  substitute). 

"Turwar"  bark  {Cassia 
auriculata). 

"Gambene"  extract  (a 
gambler  substitute). 

"Teugah"  bark  {Ceriops 
Candolleanna). 

Bark  {Acada  leucophlsea). 

Bark  {Soymida  febrifuga). 

Cork  bark  (Quercus  suber). 

Green  oak  (Ital.)  {Quercus 
Ilex.). 

Garouille  (root  bark  of 
Kermes  oak)  {Quercus 
Coccifera). 
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Lime 
Water. 

Reddish' 
hrow^n  pp. 

No  pp. 

Light 
yellow  pp. 

Bright 
yellow  pp. 

Rusty  pp. 

Red-brown 
pp. 

Brown  pp. 

o 
a 

Crimson, 
dilutes  pink. 

Crimson, 
dilutes 
brown. 

Dark 
brown. 

Deep  red- 
brown. 

Crimson, 
dilutes 
pinkish. 

Deep 
red-brown. 

i 

'A 

Doubtful. 
Yellow. 

No  react, 
darkens. 

Reddens. 
Darkens. 

Deal 
Shaving 
and  HCl. 

No  react. 

Deep 
violet-red. 

Pink. 
No  react. 

CO 

Light 
green. 

Yellow. 
No  react. 
II 

Pink 
coloration. 

^  W 

<^  ,  o 

Pp.  redis- 
solves 
brown. 

Pp.  redis- 
solves  olive- 
green. 

Pp.  redis- 
solves 
green. 

Pp.  redis- 
solves  olive- 
green. 

Pp.  redis- 
solves 
neutral 
tint. 

Pp.  redis- 
solves  olive- 
green. 

Nitrous 
Acid. 

Reacts 
somewhat. 

No  react, 
darkens. 

No  react. 

No  react, 
darkens. 

No  react., 
pink-with 
NaNO^. 

No  react. 

Bromine 
Water. 

p,        >          -          -  > 

Ferric 
Alum. 

Green- 
black 
coloration. 

Deep  green 
coloration. 

Green- 
black. 

Green- 
black 
coloration. 

Olive-green 
reddish  pp. 

Green- 
l)lack  or 
brown. 

Class  la. 

1  Quercitron  bark  {Quer- 
cus  Tindona). 

Gambier  (ext.  of  leaves 
of  Naudea  gambir). 

2"  Pruim  bast "  (leaves  of 
Colpoon  or  Osyris  com- 
pressa). 

3"Koko."   Natal  (leaves 
of  Celastrus  buxi/olia). 

Larch  bark  {Larix  Euro- 
paca). 

Hemlock  bark  ( Tsuga  or 
Abies  Canadensis). 

"  Larch "   extract  from 
(Abies  excelsa).'^ 

^    cl>    <D  ^ 

O     P  fci 
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Lime 
Water. 

Slight 
greyish  pp. 

Reddish 
pp. 

Flesh 
color  pp. 

No  pp. 

Red  pp. 
darkened 
hy  excess. 

Light 
brown  pp. 

Yellow- 
brown  pp. 

Light 
yellow  pp. 

Slight 
greyish  pp. 

Flesh 
color  pp. 

Reddish 
brown  pp. 

O 

CO 

Red-brown 
not  intense. 

Crimson 
dilutes  pink. 

Red-brown. 

Dull  crimson 
not  intense. 

Red-brown. 

Crimson 
coloration 
dilutes  pink. 

Red. 

Crimson 
dilutes  pink. 

Crimson 
dilutes; 
pinkish. 

n 

Pink 
coloration. 

Reddens 
somewhat. 

Pink  color. 

Slight 
reddening. 

Doubtful. 

Pink  color. 

Pink 
coloration. 

Reddens. 

Deal 
Shaving 
and  HCI. 

Violet 
faint. 

Trace. 
Doubtful. 
No  react. 

Trace. 

Violet 
distinct. 

No  react. 

3  -f  3 

No  react. 

Pink  or 
violet  color 

Possible 
trace. 

No  react. 

Slight 
reddening. 

Pink  color 
pp. 

No  react. 

Dense  pp. 

Dense  choco- 
late pp. 

Dense  violet- 
black  pp. 

Dense  pp. 

Reddishr 
black. 

Dense  pp. 

Decided  pp. 
Insoluble  in 
excess. 

Nitrous 
Acid. 

No  react. 

No  react, 
darkens. 

No  react. 

No  react, 
darkens. 

Reacts 
distinctly. 

Bromine 
Water. 

Pp. 

Ferric 
Alum. 

Green- 
black. 

Green- 
black 
coloration. 

Green- 
black. 

Olive-green 
coloration. 

Class  1/3. 

Willow   bark  (Russian. 
Sp.  unknown). 

Acacia  Angica  or  Pipta- 
denia  mao'ocarpa. 

Acacia  catechu  bark. 

"Thorn  tree"  bark 
{Acacia  horrida)  (Cape). 

Mangrove  bark  extract 
{lihizophora  mangle). 

.Quebracho  wood  extract 
{Quebracho  or  Loxo- 
pterygium  Lorentzii). 

"Sugar   bush"  bark 
(Cape)  {Protea  mellifera). 

"  W^aagenboom  "  (Cape) 
{Protea  grandiflora). 

"  Kruppelboom  "  (Cape) 
(Leucospermum  conocar- 
pum). 

"  Silver  tree  "  (Cape)  {Leu- 
codendron  argentca). 

» Chestnut  Oak  {Quercus 
C'astanea). 

c3 
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Lime 
Water. 

Reddish- 
brown  pp. 

o 

c» 

Crimson 
dilutes 
pink. 

Reddens. 

Some 
darkening. 

Deal 
Shaving 
and  HCl. 

Faint* 
react. 

a  '  M 

CQ  ^ 

No  react. 

No  react. 

Dark 
brown  pp. 

^  a 

brown  pp. 

Brown  pp. 

Dark 
brown  pp. 

Nitrous 
Acid. 

Reacts 
somewhat. 

Reacts 
red-blue. 

Bromine 
Water. 

Pp. 

Ferric 
Alum. 

Blue-black 
(green  with 
excess). 

Blue-black 
pp. 

Class  2/3. 

English    Oak  {Quercus 
Bobur). 

Jaft  or  Debit.  1  Supposed 
oak  product.* 

C3 

a 

a  s 
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Lime 
.Water. 

Pale  pp. 
turning 
bluish- 
green. 

Yellow  pp. 
turning 
bright 
green. 

Yellow  pp. 
turning 
greenish. 

■* 
O 

CO 

Greerish 
to  dirty 
Yellow. 

Yellow. 

i 

No  react. 
Yellow. 

Deal 
Shaving 
and  HCl. 

No  react. 

Light 
yellow  pp. 

No  react. 

*  -w 

Dark  pp. 
insoluble. 

Dark- 
brown  in- 
soluble pp. 

Dark  in- 
soluble pp. 

Nitrous 
Acid. 

Reacts  red 
to  blue. 

Reacts 
feebly. 

Reacts  red 
to  blue. 

Bromine 
Water. 

No  pp. 
slight 
scum. 

No  pp. 

Ferric 
Alum. 

Blue-black 
pp. 

Class  3a. 

Aleppo  galls  (of  Quercus 
infectoria). 

1  Sumac   (leaf  of  Ehus 
coriaria). 

^  Myraholams  ( Terminalia 
chebula). 
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Lime 
Water. 

Bright 
yellow  pp. 
turning 
red  with 
excess. 

Bright 
yellow  pp. 
darkens 
some. 

Yellow  pp. 

turning 
red-purple. 

Yellow  pp. 
turning 
black. 

Yellow  pp. 

turning 
red-purple. 

O 

cc 

w 

Orange- 
brown. 

Deep 
yellow- 
brown. 

Crimson. 

Yellow  to 
olive. 

Deep 
yellow. 

Yellow- 
brown. 

o 
w 

!z; 

No  react. 

Deep 
yellow. 

No  react. 

Yellow. 

Purplish- 
pink. 

Reddens. 

Deal 
shaving 
and  HCl. 

No  react. 

No  react. 

Dark-brown 
insol.  pp. 

Dense  dark 
pp. 

Dark, 
reddish  pp. 

Purple- 
brown  pp. 

Nitrous 
Acid. 

Reacts  red 
to  blue. 

Red  to 
olive. 

Red  to 
blue. 

Bromine 
Water. 

si 

ft             >            -         ,         -  . 

o 

Ferric 
Alum, 

Blue-black 
pp. 

Class  3a. 

Pomegranate  rind  [Punica 
granatum). 

Algarobilla  {Csesalpinia 
brevifolia). 

1  D  i  V  i  -  d  i  V  i  ( Caesalpinia 
coriana). 

Algarobo  {I^osopis  dulcis). 

Valonia   {Quercus  Aegi- 
lops). 

Oak  wood"  extract 
(oak  or  chestnut). 
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Lime 
Water. 

Pale  pp. 
turning 
blue. 

Pink 
color. 
No  pp. 

i 

a 

Yellow. 

Reddish 
violet. 

w 

No  react. 
<< 

Deal 
Shaving 
and  HCl. 

No  react. 

Faint 
violet. 

n 

No  react. 

Dark  pp. 

Dark  green 
color. 

Nitrous 
Acid. 

No  react. 

No  react, 
darkens. 

Bromine 
Water. 

d 

O 

Ferric 
Alum. 

Blue-black 
pp. 

Blue-black. 

Class  3/?. 

Pure  gallotaunic  acid. 

Babool     pods  {Acacia 
Arabica). 

Lime 
Water. 

No  react. 

Violet 
rapidly 
turning 
brown. 

White  pp. 
rapidly 
turning 
blue. 

o 

CO 

w 

Green  color. 

No  react. 

Slight 
yellow. 

Brown 
color. 

No  react. 

n 

o 

Deal 
Shaving 
and  HCl. 

No  react. 

Red  violet 
color. 

No  react. 

OQ  >^ 

o 

o 

Green  color. 
No  pp. 
<< 

Brown 
color. 

Nitrous 
Acid. 

Turns 
yellow. 

Tm-ns 
brown. 

Turns 
olive-green. 

Turns 
yellow. 

Turns 
brown. 

Bromine 
Water. 

No  pp. 

Bulky 
white  pp. 

No  pp. 
it 

Ferric 
Alum. 

Dark  green 
color. 

No  react. 

Blue-black 
turning 

green  and 
brown. 

Blue-black 
color. 

Class  3/3. 

Catechol. 

Protocatechuic  acid. 

Phloroglucol. 

Pyrogallol. 

Gallic  acid 
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The  reagents  used  in  the  above  tests  are  prepared  and  employed 
as  follows: 

Ferric  alum,  a  one  per  cent,  solution.  This  salt  appears  to 
be  better  than  ferric  chloride  or  acetate.  It  may  be  reasonably 
assumed  that  any  tannin  which  gives  a  distinctly  greenish  black 
with  iron  is  a  catechol  derivative,  but  there  are  a  large  number  of 
materials,  especially  among  the  acacias  or  mimosas,  which  give 
purplish  blacks,  but  are  almost  certainly  catechol  tannins  ;  and  on 
the  other  hand  the  oak  barks  which  Trimble  has  proved  to  be 
catechol  tannins,  and  most  of  which  give  green  blacks  with  iron, 
also  yield  bloom  or  ellagic  acid,  and  are  therefore  also  allied  to 
gallic  acid.  Another  reagent  is  therefore  employed  in  the  prelimi- 
nary classification,  viz. , 

Bromine  water:  it  is  best  to  add  this  drop  by  drop  to  2  to  3 
c.  c.  of  the  infusion  in  a  test-tube  until  the  solution  smells  strongly. 
In  some  cases  the  precipitate  is  slight,  or  forms  slowly,  and  occas- 
ionally it  is  crystalline  and  on  this  account  less  conspicuous,  but 
it  is  usually  a  distinct  yellow  or  brown  flocculent  one.  In  general 
terms  it  may  be  said  to  be  a  reagent  for  the  catechol  tannins;  pre- 
cipitating all  which  give  green  blacks  with  iron,  and  many  which 
give  blue  or  violet-blacks,  which  are  reasonably  suspected  of  con- 
taining catechol.  It  does  not  precipitate  any  recognized  pyrogallol 
tannin,  but  several  which  yield  ellagic  acid  (bloom),  such  as  oak 
barks. 

Nitrous  Acid  Reaction. — This  reaction,  which  is  believed  to  be  a 
new  one,  is  obtained  by  adding  to  a  few  c.c.  of  the  very  dilute  in- 
fusion in  a  porcelain  basin  a  distinct  excess  of  freshly  prepared 
solution  or  a  few  crystals  of  sodium  or  potassium  nitrite,  and  then 
3 — 5  drops  of  decinormal  sulphuric  or  hydrochloric  acid.  In 
typical  cases  the  solution  instantly  turns  pink  or  crimson,  and 
slowly  changes  through  purple  to  a  deep  indigo-blue;  but  in  others, 
as  sumac,  where  the  reaction  is  feeble,  and  masked  by  other 
changes,  the  final  color  is  green  or  even  brownish.  In  a  large 
number  of  cases,  nitrous  acid  produces  a  yellow  or  brown  colora- 
tion or  precipitate,  but  ''reaction"  in  the  tables  invariably  means 
a  series  of  color-changes  as  above  described.  The  reaction  is  given 
by  all  tanning  materials  which  yield  ellagic  acid  or  "  bloom,"  but 
not  by  ellagic  acid  itself,  nor  by  pure  gallo-tannic  acid.  It  is 
therefore  probably  a  reaction  of  ellagitannic  acid,  and  is  valuable 
for  subdividing  the  mixed  and  pyrogallol  tannins.  It  may  also 
be  obtained  faintly  from  some  of  the  oaks  in  Class  1  /3, 
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Copper  sulphate  and  ammonia.  A  one  per  cent,  solution  of  copper 
sulphate  is  employed,  and  is  added  to  the  tannin  solution  first, 
followed  by  ammonia  in  slight  excess. 

Stannous  Chloride  and  Hydrochloric  Acid. — This  reagent  consists 
of  a  strong  solution  of  stannous  chloride  in  concentrated  hydro- 
chloric acid.  If  about  10  c.c.  of  this  are  added  to  1  c.c.  of  the 
tanning  material  infusion,  in  a  porcelain  basin,  and  allowed  to 
stand  for  10  minutes,  coniferous  tans,  mimosas,  and  some  others 
give  a  very  marked  pink  coloration.  This  is  specially  distinct  in 
the  case  of  larch  bark.  If  a  small  piece  of  larch-tanned  leather  be 
steeped  in  the  reagent,  the  coloration  appears  very  strongly. 

Deal  Shaving  and  Hydrochloric  Acid. — A  shaving  or  slip  of  any 
pine  wood  is  moistened  with  the  infusion,  and  then,  either  before 
or  after  drying,  is  again  moistened  with  concentrated  hydrochloric 
acid.  In  the  case  of  cutch  and  gambler,  and  a  few  other  materials, 
and  of  solution  of  phloroglucol  itself,  the  spot  becomes  at  once  a 
bright  red  or  violet,  but  in  many  cases  the  reaction  is  faint,  and 
only  appears  after  some  hours.  It  probably  always  indicates  the 
presence  of  phloroglucol.  The  statement  that  catechol  gives  a 
similar  reaction  appears  to  be  an  error. 

Sodium  Sulphite.— A  few  drops  of  the  tannin  solution  are  placed 
in  contact  with  a  crystal  of  sulphite  on  a  tile.  Many  tanning 
materials  produce  red  or  pink  colorations,  but  in  no  case  so  marked 
a  reaction  as  valonia. 

Sulphuric  Acid. — About  1  c.c.  of  concentrated  acid  is  cautiously 
added  to  a  few  drops  of  the  tannin  solution  in  a  test-tube  so  the 
acid  forms  a  layer  underneath  the  tannin.  The  ring  of  color  at 
the  junction  of  the  two  liquids  is  noted,  and  then  they  are  mixed 
by  shaking  and  diluted  with  water. 

Lime  Water  is  a  most  useful  reagent.  The  reaction  is  best  seen 
in  a  shallow  porcelain  dish,  and  time  must  be  allowed  for  the 
changes  to  take  place. 

TTie  Infusions  of  tanning  materials  employed  should  contain 
about  0.6  gm.  of  dry  soluble  matter  in  100  c.c. 

Most  tannins  possess  dyeing  properties,  giving  a  variety  of 
brownish  or  yellowish  shades  on  textiles.  These  coloring  prin- 
ciples have  not  been  much  examined,  but  there  seems  to  be  an 
intimate  connection  between  the  coloring  principle  and  the  tannin 
matters  contained  in  the  same  plants.  On  decomposition,  the 
same  acid,  and  in  some  cases  the  same  phenol,  is  obtained  from 
both.    The  following  table  will  show  the  correspondence  in  the 
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decomposition  products  of  the  tannin  and  its  respective  coloring 
matter: 


Tannin. 

Decomposition 
product  of 
tannin. 

Coloring 
Matter. 

Decomposition 

product  of 
coloring  matter. 

Quebracho 
Colorado. 

Quebracho- 
tannic  acid. 

Phloroglucinol 
and  Protocate- 

Fisetin. 

Resorcinol  and 
Protocatecliuic 

Khus 
Coriaria. 

Rhus 
Cotinus. 

Gallotannic 
acid. 

Gallic  acid. 

Myricetin. 

Phloroglucinol 
and  Gallic  acid. 

Gambier 
Catechu. 

Acacia 
Catechu. 

Catechin. 

Phloroglucinol 
and  Protocate- 
chuic  acid. 

Quercetin. 

Phloroglucinol 
and  Protocate- 
chuic  acid. 

Divi-divi. 

Ellagitannic 
acid. 

EUagic  acid. 

A.  G.  Perkin  (J.  C.  S.,  1897,  170),  finds  that  the  coloring  prin- 
ciple of  Cape  sumac  is  a  glucoside  o  s  y  r  i  t  r  i  n,  C^^K^fi^^  +  SH^, 
which  is  decomposed  by  acid  into  quercetin  and  glucose.  Venetian 
sumac  showed  the  presence  of  myricetin  and  not  quercetin  as  given 
by  Lowe  (Zeit.  Anal.  Chem.,  1874,  127). 

Valonia,  divi-divi,  myrabolams,  algarobilla,  and  gall-nuts,  ow^e 
their  dyeing  powers  to  ellagic  acid,  and  contain  no  member  of  the 
quercetin  group. 

Analytical  Methods  for  Determining  Tannic  Acids  and 
Tannins. 

A  great  number  of  methods  have  been  described  for  determining 
tannin  and  assaying  tannin-yielding  materials.  In  many  instances 
the  authors  have  ignored  the  fact  that  gallic  acid,  while  reacting 
in  many  respects  like  tannin,  does  not  form  stable  insoluble  com- 
pounds with  gelatin  and  albumin,  and  hence  is  valueless  for  the 
purpose  of  tanning.^ 

^  A  little  consideration  of  the  subject  will  show  that  a  general  method  of  deter- 
mining the  tannin  in  all  kinds  of  tannin  matters  is  not  likely  to  be  devised.  The 
problem  is  comparable  to  that  of  devising  a  general  and  simple  method  of  deter- 
mining the  metals  forming  colored  salts— say  copper,  iron,  chromium,  cobalt,  and 
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Sampling  of  Tannin  Materials  is  often  a  troublesome  opera- 
tion, and  together  with  the  difficulty  attending  complete  extraction 
is  a  fertile  source  of  error. 

When  available,  a  steel  mill  is  the  best  means  of  roughly  pulver- 
izing most  tannin  materials.  With  the  exception  of  barks,  the 
grinding  can  be  effected  by  a  disintegrator  with  fine  screens,  taking 
great  care  to  prevent  the  escape  of  dust.  Barks  may  be  sampled 
by  cutting  each  fragment  with  a  small  circular  saw  or  rasp  driven 
by  a  lathe,  and  collecting  the  dust. 

In  the  absence  of  the  foregoing  appliances,  bark  and  valonia 
may  be  cut  with  strong  shears,  and  myrabolams  broken  roughly 
with  a  hammer.  In  sampling  valonia  care  must  be  taken  to  get  a 
due  proportion  of  the  beard,  and  in  taking  myrabolams  it  must  be 
remembered  that  the  bad  berries  are  light  and  work  towards  the 
top  of  the  bag.  The  sample  being  partially  reduced  by  one  of 
the  above  means,  the  moisture  (usually  15  to  16  per  cent.)  must 
be  determined  by  drying  at  100°  C,  and  the  thoroughly  dried 
sample  further  ground  by  passing  it  through  a  coffee-mill.  The 
ground  sample  must  be  again  dried  before  weighing  for  analysis,  as 
it  is  very  hygroscopic.  ^ 

nickel — in  presence  of  zinc,  aluminium,  and  lead,  the  salts  of  which  are  usually 
colorless.  It  is  easy  to  separate  copper  from  zinc,  iron  from  aluminum,  and 
nickel  from  lead,  but  there  is  no  method  which  will  separate  copper,  iron,  and 
nickel  at  one  operation  from  zinc,  aluminum,  and  lead.  If,  in  addition,  it  were 
extremely  difficult  to  obtain  some  of  these  metals  in  a  state  of  purity,  and  they 
were  liable  to  change  by  the  action  of  reagents,  the  problem  would  be  rendered 
still  more  difficult.  Yet  this  fairly  represents  the  position  of  the  chemistry  of  the 
tannins. 

^  The  International  Association  of  Leather-Trades  Chemists,  in  its  standard 
methods  of  Tannin  Analysis,  recommend  the  following  precautions  in  drawing 
samples : 

(a)  Liquid  Extracts. — "In  drawing  samples,  at  least  5  percent,  of  the  casks 
must  be  taken ;  the  numbers  being  selected  as  far  apart  as  possible.  The  heads 
must  be  removed  and  the  contents  mixed  thoroughly  by  means  of  a  suitable 
plunger,  care  being  taken  that  any  sediment  adhering  to  sides  or  bottom  should 
be  thoroughly  stirred.  All  samples  must  be  drawn  in  the  presence  of  a  respon- 
sible person." 

(6)  "Gambier  and  pasty  extracts  should  be  sampled  from  not  less  than  5  per 
cent,  of  blocks,  by  a  tubular  sampling  tool,  which  shall  be  passed  completely 
through  the  block  in  seven  places.  Solid  extracts  shall  be  broken,  and  a  sufficient 
number  of  portions  drawn  both  from  the  'inner'  and  'outer'  parts  of  the  blocks 
to  fairly  represent  the  bulk.  In  both  cases,  samples  shall  be  rapidly  mixed  and 
enclosed  at  once  in  an  air-tight  bottle  or  box,  sealed  and  labelled." 

(c,  d,  e)  "Valonia,  algarobilla,  and  all  other  tannin  materials  containing 
dust  or  fibre  shall  be  sampled,  if  possible,  by  spreading  at  least  5  per  cent,  of  the 
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The  Extraction  of  Tannin-matters  is  better  effected  by  treat- 
ing the  sample  at  once  with  a  large  quantity  of  water  than  by 
repeated  treatment  with  smaller  quantities.  10  grammes  weight 
of  valonia  or  myrabolams,  20  of  oak-bark,  or  a  corresponding 
weight  of  other  tannin  material  is  placed  in  a  flask  of  at  least  IJ 
litres  capacity  and  covered  with  1  litre  of  cold  distilled  water. 
This  is  raised  to  ebullition  (great  care  being  necessary  at  the 
moment  of  boiling  to  prevent  frothing  up  and  boiling  over),  and 
the  Liquid  is  kept  boiling  briskly  for  haK  an  hour,  a  funnel  being 
placed  in  the  mouth  of  the  flask.  The  liquid  is  then  allowed  to 
cool,  rinsed  with  the  solid  residue  into  a  Htre  flask,  which  is  filled 
with  cold  water  to  the  mark,  and  the  solution  well  shaken  and 
filtered.  If  the  solution  is  obstinately  turbid  it  may  be  clarified 
by  agitation  with  kaolin,  followed  by  re-filtration.  With  tannin- 
matters  which  are  apt  to  deposit  ellagic  acid  or  red  anhydrides 
(phlobaphenes),  higher  results  are  obtained  if  the  solution  is  cooled 
rapidly  and  filtered  at  once  than  if  it  is  allowed  to  stand  for 
twenty-four  hours.  Hence,  in  this  respect,  a  uniform  practice  is 
desirable.^    If  the  titration  is  not  to  be  performed  at  once,  0.5  c.c. 

bags  in  layers,  one  upon  another,  on  a  smootk  floor,  and  taking  several  samples 
vertically  to  the  floor.  Where  this  cannot  be  done,  the  sample  must  be  drawn 
from  the  centres  of  a  sufiicient  number  of  bags.  While  valonia  and  most  tannin 
materials  may  be  sent  to  the  chemist  ground,  it  is  preferable  that  divi-divi  and 
algarobilla  shall  be  unground.  Bark  in  long  rind,  and  other  materials  in  bundles, 
shall  be  sampled  by  cutting  a  short  section  from  the  middle  of  3  per  cent,  of  the 
bundles  with  a  saw  or  other  sharp  tool." 

(/)  Barks  and  other  solid  tannin  materials.  The  whole  sample,  or  not  less 
than  250  gr. ,  shall  be  ground  in  a  mill  until  it  will  pass  through  a  sieve  of  6  wires 
per  centimetre.  When  materials,  such  as  barks  and  divi-divi  contain  fibrous 
material  which  cannot  be  ground  to  powder,  the  ground  sample  shall  be  sieved 
and  the  respective  parts  which  do  and  do  not  pass  through  the  sieve  shall  be 
weighed  separately,  and  the  sample  for  analysis  shall  be  weighed  so  as  to  contain 
like  proportions." 

*  The  strength  of  tannin  solution  employed  shall  be  such  that  from  evaporation 
of  100  c.c,  the  residue  shall  amount  to  between  0.6  and  0.8  gr. 

Solution  of  Liquid  Extracts. — A  sufficient  quantity  shall  be  w^eighed  into  a  cov- 
ered basin  or  beaker,  from  which  it  shall  be  washed  into  a  litre  flask  with  about 
500  c.c.  of  boiling  water,  well  shaken  and  the  flask  filled  nearly  to  the  mark  with 
cold  water.  The  neck  being  covered  with  a  small  beaker,  it  shall  be  placed 
under  a  cold-water  tap,  or  otherwise  rapidly  cooled  to  a  temperature  between  15° 
and  20°  C,  and  made  up  to  the  mark,  after  which  it  shall  be  thoroughly  mixed, 
and  the  filtration  at  once  proceeded  with. 

The  filtration  shall  take  place  through  Schleicher  and  Schuell's  filter  paper, 
No.  602.  The  first  150  or  200  cc.  of  the  filtrate  shall  be  rejected,  or  employed 
for  the  determination  of  the  non-tannins.    Where  a  clear  filtrate  cannot  be  ob- 
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of  glacial  acetic  acid  should  be  added  to  check  oxidation.  In  dis- 
solving extracts,  it  is  desirable  to  pour  them  into  water  actually 
boiling,  as  many  become  permanently  insoluble  if  first  mixed  with 
water  at  too  low  a  temperature. 

Tannin  solutions  free  from  coloring  matters  may  be  prepared  by 
adding  zinc  sulphate  and  ammonium  sulphate  to  the  solution; 
tannate  of  zinc  is  thus  precipitated,  which  is  washed  with  am- 
moniacal  water.  It  is  then  suspended  in  five  times  its  volume  of 
water  and  decomposed  by  dilute  sulphuric  acid.  A  solution  of 
barium  sulphide  is  added  till  no  further  precipitate  is  formed.  The 
precipitate,  which  consists  of  zinc  sulphide  and  barium  sulphate,  is 
removed,  and  an  almost  colorless  solution  of  tannin  remains.  This 
method  is  applied  to  the  manufacture  of  stainless  extracts. 

Tan  liquors  may  be  decolorized  by  treating  with  lead  nitrate, 
and  afterwards  adding  alum  and  borax.  Strontium  hydrate  and 
carbonate  are  also  used  for  the  precipitation  of  the  coloring  matters; 
sulphuric  acid  being  added  to  the  filtrate  to  remove  the  excess  of 
strontium  salt.  Clarification  is  also  accomplished  by  electrolyzing 
the  liquid  to  which  has  been  added  oxalic  acid  and  sodium  chlor- 
ide. Sumac  may  be  decolorized  with  good  results  by  the  use  of 
ox-blood. 

Of  the  numerous  methods  which  have  been  devised  for  the  assay 
of  tannin-matters,  nearly  all  those  worthy  of  detailed  description 
are  based  on  the  principle  of  precipitation  of  the  tannin  by  a 
solution  of  gelatin  or  its  absorption  by  a  gelatinous  substance.  In 
some  cases  the  weight  of  the  precipitate  formed,  or  the  increase  in 
the  weight  of  the  solid  gelatinous  substances  has  been  ascertained, 
but  a  preferable  plan  is  to  ascertain  the  quantity  of  tannin  precipi- 
tate by  comparing  the  liquid  after  the  treatment  with  the  original 

tained,  the  use  of  a  little  kaolin,  previously  washed  with  a  portion  of  the  tannin 
solution,  is  permissible. 

Solid  extracts  shall  be  dissolved  by  stirring  in  a  beaker  with  boiling  water,  the 
undissolved  portions  being  allowed  to  settle,  and  treated  with  further  quantities 
of  boiling  water,  and  the  solutions  poured  into  a  litre  flask.  After  the  whole  of 
the  soluble  matter  is  dissolved  the  solution  is  treated  similarly  to  that  of  a  liquid 
extract. 

Extraction  of  Solid  Materials. — Such  quantities  shall  be  weighed  as  will  give  an 
infusion  of  the  strength  already  prescribed.  Not  less  than  500  c.c.  of  the  infusion 
shall  be  extracted  at  a  temperature  not  exceeding  50°  C,  after  which  the  temper- 
ature shall  be  raised  to  100°  C,  and  the  extraction  continued  till  the  percolate  is 
free  from  tannin  and  the  whole  made  to  one  litre,  the  weaker  portions  of  the 
solution  being  concentrated  if  necessary  by  evaporation  in  a  flask,  in  the  neck 
of  which  a  funnel  is  placed. — {Int.  Assoc.  Leath.  Trades  Chemists.) 


METHODS  FOR  DETERMINING  TANNIC  ACIDS  AND  TANNINS.  73 

untreated  solution.  This  is  done  by  Hammer  by  taking  the 
specific  gravity;  by  Simand  and  Weiss  by  weighing  the  solid 
matter  left  on  evaporation;  and  by  Lowenthal  by  determining  the 
volume  of  standard  permanganate  solution  decolorized  by  the  solu- 
tion before  and  after  removal  of  the  tannin.  These  methods, 
which  appear  simple  enough  it  principle,  are  in  practice  sur- 
rounded with  very  considerable  difficulties,  especially  when  con- 
siderable quantities  of  gallic  acid  are  present. 

The  Oxidation-method  .of  Tannin  Assay. 

This  process,  which  was  first  worked  out  by  Lowenthal,  is 
based  on  the  fact  that  tannin  is  oxidized  in  acid  solutions  by  per- 
manganate, though  the  slowness  of  the  oxidation  and  the  want  of 
definition  of  the  end-reaction  render  the  method  unsuitable  with- 
out modification.  By  addition  of  a  considerable  quantity  of  indigo 
the  oxidation  of  the  tannin  is  controlled,  and  the  end-reaction  is 
rendered  perfectly  definite.  As  solutions  of  commercial  tannin- 
matters  contain  other  oxidizable  matters  besides  tannins,  it  is 
necessary  to  separate  these  and  titrate  a  second  time,  in  order  to 
ascertain  the  volume  of  permanganate  actually  required  by  the 
tannin  present.  This  separation  may  be  effected  by  digestion  with 
hide-raspings,  or  more  conveniently  by  a  solution  of  gelatin,  the 
use  of  which  was  first  suggested  by  Estcourt. 

In  practice,  Lowenthal  employs  a  mixed  solution  of  gelatin  and 
common  salt,  to  which  a  small  quantity  of  sulphuric  or  hydro- 
chloric acid  is  added.  In  using  this  form  of  the  process  it  is  gen- 
erally necessary  to  let  the  mixture  stand  several  hours  in  order  to 
obtain  a  clear  filtrate,  besides  which  the  gelatin  remaining  in 
solution  (or  its  associated  impurity)  has  a  slight  though  generally 
negligible  reducing  action  on  the  permanganate.  In  some  cases, 
even  after  long  standing,  filtration  is  very  tedious,  and  it  has  also 
been  proved  by  F.  Simand  {Jour.  Chem.  Soc,  xliii.  1237),  that  a 
certain  proportion  of  the  tanno-gelatin  precipitate,  varying  with 
the  acid  and  kind  of  tannin  present,  remains  in  solution,  and 
hence  that  the  results  obtained  by  the  process  are  below  the  truth. 

On  account  of  the  objections  to  Lowenthal' s  process  as  com- 
monly conducted,  H.  R.  Procter  has  proposed  a  modification 
of  it  (Jour.  Soc.  Chem.  Ind.,  iii.  82),  in  which  the  excess  of  gelatin 
is  removed  by  saturating  the  liquid  with  common  salt,  and  the 
filtration  is  facilitated  by  addition  of  kaolin.  A  perfectly  clear 
filtrate  wholly  free  from  tannin,  and  nearly  so  from  gelatin,  is 
thus  obtained  without  difficulty.  The  following  are  the  details  of 
the  process: — 
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a.  10  grammes  of  a  sample  of  sumac  or  valonia,  or  20  grammes 
of  finely -ground  bark,  are  exhausted  by  boiling  with  water  in  the 
manner  described  on  page  18,  and  the  infusion  allowed  to  cool 
and  diluted  to  1  litre.  5  c.  c.  measure  of  this  solution  is  run  into  a 
porcelain  basin  and  diluted  to  750  c.c.  by  addition  of  distilled  or 
good  drinking  water,  and  20  c.c.  added  of  an  indigo  solution,  a 
litre  of  which  contains  5  grammes  of  the  purest  indigo-carmine,^ 
and  50  c.c.  of  concentrated  sulphuric  acid.  A  solution  containing 
1  gramme  of  potassium  permanganate  per  litre  is  then  dropped  in 
very  slowly  with  vigorous  stirring,  until  the  liquid  becomes  trans- 
parent, when  the  addition  is  continued  more  cautiously,  with  occa- 
sional pauses,  until  the  clear  yellow  liquid  appears  of  a  faint  pink 
color  on  the  margin.  The  titration  is  repeated,  the  measures  of 
permanganate  required  in  the  two  cases  being  added  together  and 
called  a. 

In  employing  the  oxidation-process,  it  is  essential  that  the 
volume  of  permanganate  required  by  the  tannin  should  in  no  case 
exceed  two-thirds  of  that  reduced  by  the  indigo.  If  the  result  of 
the  titration  shows  that  this  proportion  has  been  exceeded,  the 
experiments  must  be  repeated  with  a  smaller  quantity  of  the 
tannin  solution. 

h.  50  c.c.  of  the  tannin  solution  should  be  mixed  in  a  flask  with 
28.6  c.c.  of  a  freshly  made  and  filtered  solution  of  gelatin  *^  (2  grm. 
per  100  c.c).  After  shaking,  the  liquid  is  saturated  with  com- 
mon salt,^  which  increases  the  volume  to  90  c.c.    10  c.c.  of  dilute 

^The  indigo-carmine  (sodium  sulphindigotate)  must  be  of  such  quality  that  the 
solution  when  oxidized  by  permanganate  is  a  pure  yellow  color,  free  from  a  trace 
of  brown  or  orange.  Any  contamination  with  indigo-purple,  which  gives  brown 
oxidation-products,  is  quite  fatal  to  the  accuracy  of  the  analysis.  The  indigo 
solution  should  be  of  such  strength  that  20  c.c,  diluted  to  750  c.c.  with  water, 
shall  require  from  14  to  16  c.c.  of  standard  permanganate  for  its  oxidation. 

'  2  grammes  weight  of  good  gelatin  is  allowed  to  swell  in  distilled  water  for  a 
few  hours,  then  melted  by  immersing  the  flask  in  boiling  water,  and  the  resultant 
solution  made  up  to  100  c.c. 

'B.  Hunt  {Jour.  Soc.  Chem.  Ind.,  iv.  263)  has  shown  that  the  excessive  quan- 
tity of  salt  recommended  by  Procter  causes  the  precipitation  of  a  notable  quantity 
of  gallic  acid  when  much  is  present.  Hence,  he  prefers  to  mix  50  c.c.  of  the  tan- 
nin solution  with  25  c.c.  of  a  2  per  cent,  solution  of  gelatin,  and  then  add  25  c.c. 
of  a  saturated  solution  of  common  salt  containing  50  c.c.  of  strong  sulphuric  acid 
per  litre.  Kaolin  is  next  added,  and  the  mixture  well  agitated  and  filtered,  and 
in  all  other  respects  Procter's  method  of  operating  is  adhered  to.  Hunt's  modi- 
fication is  approximately  a  return  to  Lowenthal's  original  method,  and  introduces 
its  attendant  error.  Hence  Hunt's  mode  of  working  i^j  only  to  be  recommended 
in  presence  of  much  gallic  acid. 
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sulphuric  acid  (containing  one  volume  of  the  concentrated  acid 
in  10)  should  next  be  added,  and  then  about  10  grammes  of  pure 
kaolin  or  barium  sulphate.  The  flask  should  now  be  vigorously 
shaken  for  a  few  minutes,  and  the  liquid  passed  through  a  dry 
filter.  This  is  effected  rapidly,  and  the  filtrate  is  perfectly  clear. 
Two  quantities  of  the  filtrate  of  10  c.c.  each  (=  5  c.c.  of  original 
infusion)  are  then  treated  wdth  indigo  solution,  and  titrated  with 
standard  permanganate  as  before,  the  result  being  called  h.  The 
difference  (a — 6)  between  the  measure  of  permanganate  employed 
for  the  two  quantities  of  unprecipitated  tannin  infusion  (a),  and 
that  decolorized  by  the  two  portions  of  the  filtrate,  gives  the  volume 
of  permanganate  solution  decolorized  by  the  tannin  in  10  c.  c.  of 
the  original  infusion.  ^ 

c.  10  c.c.  of  a  decinormal  solution  of  oxalic  acid  (6.3  grammes 
of  crystallized  oxalic  acid,  Q^fl^  +  2H2O,  per  litre)  are  diluted  with 
distilled  whaler  to  about  500  c.c,  warmed  to  about  60°  C,  20  c.c. 
of  pure  dilute  sulphuric  acid  added,  and  standard  permanganate 
run  in  with  constant  stirring  till  a  pink  coloration,  remaining  per- 
manent for  a  minute,  shows  that  oxidation  is  complete.  The  vol- 
ume of  permanganate  consumed,  which  is  called  c,  is  evidently 
that  required  for  the  oxidation  of  63  milligrammes  of  crystallized 
oxalic  acid. 

The  proportion  c  :  (a — 6)  =z=:  63  :  a:  will  give  the  number  of  mil- 
ligrammes of  oxalic  acid  corresponding  in  reducing  power  to  the 
tannin  in  10  c.c.  of  the  infusion  assayed.  If  10  grammes  of  the 
sample  were  extracted  and  the  solution  made  up  to  1  litre,  10  c.c. 
of  the  infusion  represented  0. 1  gramme  of  the  tanning  material, 
and  hence  the  number  of  milligrammes  of  oxalic  acid  will  be  the 
'percentage  of  tannin  expressed  in  terms  of  crystallized  oxalic  acid.  It  is 
frequently  convenient  to  express  the  results  of  the  assay  in  this 
way,  since  what  is  required  in  practice  is  not  the  absolute  weight 
of  tannin  in  the  various  materials,  but  their  comparative  richness  in 
tannin.  It  would  of  course  be  of  interest  to  express  the  results  of 
tannin  assays  in  actual  percentages  of  tannin,  but  unfortunately 
the  different  varieties  of  tannic  acid  have  different  reducing  pow- 
ers, and  the  expression  of  the  results  of  the  assay  of  oak-bark  or 
cutch  in  terms  of  gallotannic  acid  would  be  more  objectionable 
than  the  expression  of  assays  of  all  kinds  of  tannin-matters  in 

.  ^F.  Gantter  (Zei<s.  /.  angew.  Chem.,  1889,  577)  recommends  that  the  oxida- 
tion with  potassium  permanganate  be  carried  out  in  a  hot  instead  of  a  cold  tannin 
solution,  without  the  presence  of  a  special  indicator. 
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terms  of  oxalic  acid.  ^  The  actual  reduction-equivalents  of  the  dif- 
ferent kinds  of  tannin  are  very  imperfectly  known.  Neubauer 
states  that  of  gall-tannin  at  41.57;  that  is,  41.57  grammes  of 
gall-tannin  possess  the  same  reducing  power  on  permanganate  that 
is  possessed  by  63  grammes  of  crystallized  oxahc  acid  (C^Ufi^. 
2H2O),  or  56  grammes  of  iron  in  the  ferrous  state.  This  is  tanta- 
mount to  the  statement  that  41.57  grammes  of  gall-tannin  decolor- 
ize a  volume  of  permanganate  solution  yielding  8  grammes  of 
available  oxygen.  Neubauer' s  equivalent  for  gallotannic  acid  has 
been  confirmed  bylshikawa(  Chem.  News,  xlii.  274),  who  found 
41.688  as  the  figure  for  the  tannin  of  Kibushi,  or  Japanese  gall- 
nuts.  Councler  and  von  Schroeder,  on  the  other  hand, 
find  the  equivalent  to  be  only  34. 25. For  oak-bark  tannin, 
Neubauer  gives  the  equivalent  62.36,  which  is  confirmed  by 
O  s  e  r '  s  figure,  62.35,  and  approximately  by  that  of  Simand,  61. 1. 
The  reduction-equivalents  of  other  varieties  of  tannin  are  almost 
wholly  unknown.^  Oser's  and  Neubauer' s  figures  for  oak-bark 
tannin  show  a  reducing  power  nearly  identical  with  that  of  oxalic 

^Von  Schroeder  has  suggested  the  use  as  a  standard  of  commercial  gallo- 
tannic acid,  the  moisture  in  which  has  been  determined  by  drying  at  95°  C,  and 
which  has  been  proved  to  contain  not  more  than  5  per  cent,  of  non-tannin  matters 
unprecipitable  by  hide  or  gelatin  ;  dividing  the  result  obtained  by  1.05  to  allow 
for  the  slightly  higher  reducing  power  of  the  impure  tannin.  Procter  has  pro- 
posed to  employ  gallic  acid  for  standardizing  the  permanganate,  as  it  is  readily 
obtained  pure,  and  is  oxidized  in  presence  of  indigo  in  a  manner  very  similar  to 
gallotannic  acid. 

^  This  discrepancy  has  been  shown  by  von  Schroeder  to  be  due  to  the  different 
manner  in  which  the  permanganate  was  added  in  the  titration,  Neubauer  employ- 
ing the  "drop  method,"  while  Councler  and  von  Schroeder  added  the  solution  in 
successive  quantities  of  1  c.c,  with  a  short  interval  between  each  addition.  This 
modification  seriously  efiects  the  volume  of  the  standard  solution  consumed  (see 
page  80). 

'The  figures  recorded  by  Giinther  are  so  remarkably  at  variance  with  those 
of  the  observers  quoted  in  the  text,  that  there  is  probably  some  undiscovered 
error.  His  results  were : — gallotannic  acid,  16.25;  sumac  tannin,  16.5;  cafTetan- 
nic  acid,  17.0;  oak-bark  tannin,  16.0;  kinotannic  acid,  14.0;  ratanhia-tannin,  17 
to  18.5,  and  tormentilla-tannin,  17.5.  He  also  gave  some  figures  for  mimotannic 
acid  and  catechin,  which  when  corrected  for  an  error  of  calculation  are  2.77  and 
2.66  respectively.  Lehmann,  in  checking  these  experiments,  found  the  equiva- 
lent 2.57  for  mimotannic  acid  and  2.42  for  catecliin.  There  is  evidently  some- 
thing grossly  wrong  liere,  for  it  would  result  in  a  sample  of  cutch  wliich  sliowed 
63  per  cent,  of  tannin  expressed  in  terms  of  oxalic  acid  being  stated  to  contain 
only  2.67  per  cent,  of  catechu-tannic  acid,  though  a  far  larger  proportion  than 
that  could  be  actually  prepared  from  it. 
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acid  (=63),  and  hence,  in  the  present  state  of  the  subject,  the  re- 
sults of  the  titration  may  be  conveniently  expressed  in  terms  of 
oxalic  acid.  An  alternative  plan  is  to  state  the  strength  of  the 
tannin-matter  in  terms  of  '^oxygen  consumed."  Each  1  c.c.  of  a 
solution  of  potassium  permanganate  (containing  1  gramme  of  the 
salt  per  litre)  which  may  have  been  decolorized  by  the  tannin, 
represents 0.000253  of  "oxygen  consumed,"  or  0.00199  (practically 
0.002)  gramme  of  crystallized  oxalic  acid.  Neubauer's  equivalent 
for  gall-tannin  is  practically  two-thirds  of  the  bark  and  oxalic  acid 
figures.  The  first  figure  is  applicable  to  galls,  and  probably  to 
divi-divi,  sumac  and  myrabolams;  the  second  to  oak-barks,  and 
probably  to  oak-wood,  valonia,  chestnut  extract,  etc.  Gallic  acid 
consumes  a  greater  volume  of  permanganate  than  the  tannin  from 
which  it  is  derived.  Hence,  as  commercial  tannin  is  often  largely 
contaminated  with  gallic  acid,  it  not  unfrequently  shows  over  100 
per  cent,  of  tannin  when  assayed.^ 

According  to  Cech  {Zeitschr.  Anal.  Chem.,  vii.  134),  no  inter- 
ference in  the  estimation  of  tannin  by  permanganate  is  produced 
by  the  presence  of  acetic  acid,  citric  acid,  tartaric  acid,  malic  acid, 
cane-sugar,  dextrin,  gum,  fat,  caffein,  or  urea,  provided  the  solu- 
tion be  properly  diluted. 

It  cannot  be  too  clearly  understood  that  the  permanganate  and 
all  other  processes  for  the  assay  of  tannin-matters  are  merely  com- 
parative, and  give  results  worthy  of  acceptance  only  when  they  are 
used  for  comparing  the  qualities  of  samples  of  material  of  the 
same  character.  Thus,  bark  may  be  compared  with  bark,  valonia 
with  valonia,  and  cutch  with  cutch,  but  all  cross  comparisons  are 
misleading ;  and  would  be  so  even  if  the  exact  percentage  of  tan- 
nin could  be  calculated,  since  the  practical  and  commercial  value 
of  tannin  materials  does  not  depend  on  the  quantity  of  tannin 
only,  but  on  the  color  and  quality  of  the  leather,  though  the  same 
process  should  give  absolute  results  of  at  least  approximate  accu- 
racy when  applied  to  different  materials  containing  the  same  variety 
of  tannin. 

P.  Sisley  (Bull.  Soc.  Chim.  [3],  ix,  755)  precipitates  the  tannin 
as  a  zinc  salt,  and  oxidizes  the  latter  with  permanganate.  Ammo- 
niacal  zinc  acetate  is  used  for  the  precipitation,  and  is  made  by 
dissolving  40  grammes  zinc  oxide  in  hot,  dilute  acetic  acid  (65  c.c. 

'  Mixtures  of  tannins  with  gallic  acid  cannot  be  valued  by  the  volumetric  pro- 
cess, for  1  gram  of  the  dry  acid  reacts  with  the  same  quantity  of  pei'inangautite  as 
1.505  gram  of  dry  tannin.    (Heinemann,  Zeits.angew.Chem.,  1899,  p.  245.) 
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glacial  acid  and  50  c.c.  water),  and  adding  excess  of  ammonia. 
The  tannin  solution  is  treated  with  the  zinc  solution,  and  the  pre- 
cipitated zinc  compound  rapidly  filtered  and  washed  with  ammo- 
nia water,  by  which  means  the  gallic  acid  and  other  impurities  are 
removed.  The  precipitate  is  then  washed  into  a  suitable  vessel, 
and  titrated  with  potassium  permanganate. 

The  following  figures  by  Procter  show  the  results  to  be  expected 
when  applying  the  permanganate  process  to  the  assay  of  various 
tannin-matters.  The  determinations  were  made  by  the  method 
already  described. 


In  terms  of  Oxalic  Acid. 
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Other  oxidizable 
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1.9  " 
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1.95 
2.33 

3.68 
2.45 
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The  permanganate  process  has  been  applied  by  A.  H  i  1 1  to  the 
determination  of  tannin  in  tea  (Analyst,  vi.  95).  The  average  pro- 
portion of  tannin,  in  terms  of  oxalic  acid,  found  in  the  thirty-two 
samples  of  tea  examined  was  14.8  per  cent.,  the  extreme  results 
being  6.18  in  black  Assam  tea  and  26.90  in  a  black  caper  tea. 
Other  determinations  of  the  proportion  of  tannin  in  tea  have  been 
made  byO.  Kellner  (/owr.  Chem.  Soc.  lii.  73)  and  J.  F.  Geis- 
ler  (Analyst,  ix.  220). 

The  following  figures  are  due  to  B.  Hunt  (Joitr.  Soc.  Chem. 
Ind.j  iv.  264).    They  show  the  insoluble  matter  and  total  extract 

^  The  results  of  the  assay  of  the  spent  liquor  are  instructive.  The  liquor  origi- 
nally contained  from  10  to  15  per  cent,  of  the  tannins  from  oak-bark,  valonia, 
myrabolams,  gambler,  hemlock,  &c.,  which  contact  with  hide  had  reduced  to  the 
small  proportion  of  0.12  per  cent.  That  a  portion  had  not  been  absorbed  but  de- 
composed is  shown  by  the  large  accumulation  of  oxidizable  impurities  (equal  to 
11  per  cent,  of  oxalic  acid).  Spent  liquors  are  very  pale  in  color,  as  also  are  the 
filtrates  from  the  gelatin  precipitation,  a  fact  that  proves  that  the  coloring  matters 
present  in  tannin  materials  resemble  tannin  in  their  behavior  to  hide  and  gelatin. 
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of  various  commercial  tannin  materials,  together  with  the  oxalic 
acid  equivalents  of  the  total  oxidizable  matters,  and  of  the  tannin 
as  precipitated  by  Procter's  and  Hunt's  methods.^  The  difference 
between  the  results  obtained  by  these  two  methods  is  attributed  by 
Hunt  to  the  precipitation  of  gallic  acid  by  the  saturated  brine 
employed  by  Procter. 
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^  Hunt  states  in  the  same  paper  that  treatment  with  gelatin  and  salt  does  not  re- 
move all  that  is  of  tanning  value  from  solutions  of  gambier  and  allied  materials, 
and  hence  he  recommends  the  removal  of  the  tannin  in  such  cases  by  means  of 
purified  skin-shavings.  These  he  adds  in  the  proportion  of  5  grammes  to  100  c.c. 
of  a  1  per  cent,  gambier  solution,  and  after  twelve  hours  filters  and  titrates  the 
filtrate  with  permanganate  in  the  usual  way.    The  following  results  were  obtained: 
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A  few  years  since,  the  permanganate  process  of  determining 
tannin  was  submitted  to  a  careful  examination  by  a  commission  of 
German  chemists.  After  reviewing  earlier  methods  they  recom- 
mended the  following  modifications  of  the  permanganate  process 
for  general  adoption: — 1.  That  the  permanganate  solution  contain 
10  grammes  of  KMnO^  in  6000  c.c.  2.  That  the  indigo-solution 
should  be  made  by  dissolving  30  grammes  of  air-dry  sodium  sul- 
phindigotate  in  3000  c.c.  of  dilute  sulphuric  acid  (1  :  3),  3000  c.c. 
of  water  added,  the  whole  shaken  till  dissolved,  and  the  liquid 
filtered.  20  c.c.  of  this  solution  in  750  c.c.  of  water  should  be 
used  in  each  titration,  and  should  reduce  about  10.7  c.c.  of  the 
permanganate  solution.  3.  Hide  powder  is  substituted  for  the  or- 
dinary gelatin  solution.  It  must  be  white,  and  in  a  fine  woolly 
state  of  division,  and  should  yield  to  cold  water  no  substance 
capable  of  reducing  permanganate.  • 

Instead  of  adding  the  permanganate  solution  drop  by  drop,  the 
commission  recommend  (with  very  doubtful  advantage)  that  an 
addition  be  made  of  1  c.c.  at  a  time,  and  the  mixture  vigorously 
stirred  for  five  or  ten  seconds  after  each  addition.  As  soon  as  the 
liquid  has  become  bright  green,  two  or  three  drops  at  a  time  should 
be  cautiously  added  with  stirring,  till  the  liquid  is  pure  yellow. 
The  results  obtained  by  the  "1  c.c.  method"  differ  considerably 
from  those  obtained  by  the  ordinary  or  ' '  drop  method, ' '  which 
was  that  employed  by  Neubauer  and  Oser  for  the  determination  of 
the  reduction  co-efficients  of  tannins.  It  has,  however,  been 
shown  by  H.  R.  Procter  (Jour,  Soc.  Chem.  Ind.^  v.  79),  that  the 
results  are  more  influenced  by  the  rapidity  of  mixing  than  by  ac- 
tual time,  and  that  the  1  c.c.  method,  while  it  always  gives  a 
higher  consumption  of  permanganate  than  the  drop  method,  is 
even  more  affected  by  variations  in  stirring.^ 

To  determine  the  oxidizable  matters  ''not  tannin,"  50  c.c.  of 

^  Procter  points  out  that  the  limit  of  the  reaction  is  not  a  complete  oxidation 
of  the  organic  matter,  but  only  a  partial  one  of  the  bodies  more  readily  oxidixable 
than  indigo;  and  hence  towards  the  end  of  the  operation,  when  the  indigo  has 
become  scarce,  the  permanganate  is  partially  consumed  in  further  oxidizing  the 
products  of  the  normal  reaction;  and  that  this  is  least  the  case  when  the  perman- 
ganate is  added  slowly  and  rapidly  mixed  with  the  liquid,  so  as  to  bring  it  into 
immediate  contact  with  the  remaining  indigo.  Procter  obtained  very  uniform 
results  by  the  use  of  a  stirrer  consisting  of  a  perforated  porcelain  disc,  which  was 
worked  up  and  down  in  the  beaker  by  means  of  attached  glass  rod;  and  the  results 
were  still  further  improved  by  attaching  a  capillary  jet  to  the  point  of  the  burette, 
and  allowing  the  permanganate  to  run  in  steadily  throughout  the  titration. 
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the  infusion  should  be  digested  in  the  cold  with  3  grammes  of  the 
hide  powder  (previously  moistened  with  water,  and  well  squeezed 
in  linen).  The  liquid  is  frequently  agitated  during  eighteen  to 
twenty-four  hours,  and  is  then  filtered,  and  10  c.c.  titrated  in  the 
usual  way/ 

F.  S  i  m  a  n  d  has  recommended  the  use  of  the  purified  gelatin- 
ous matter  of  bones  as  acting  more  quickly  than  hide  powder 
(Jbwr.  Soc.  Chem.  Ind.,  i.  509).  Tubular  bones,  freed  from  joints 
and  marrow,  are  crushed  and  soaked  for  two  days  in  a  5  per  cent, 
solution  of  soda,  then  thoroughly  washed  with  water,  reduced  to 
smaller  pieces,  and  treated  with  dilute  hydrochloric  acid  until  soft- 
ened. They  are  then  again  washed,  and  passed  through  a  small 
grinding  machine  while  still  wet.  The  comminuted  mass  is  treated 
with  very  dilute  hydrochloric  acid,  thoroughly  washed,  pressed  and 
dried. 

E.  B.  (Jour.  Chem.  Soc.  Ind.,  vi.  51)  suggests  the  use  of  ferric 
acetate  instead  of  gelatin  for  precipitating  tannin.  The  process 
has  only  been  tried  on  gall-tannin,  and  F.  G  a  n  1 1  e  r  (Journ. 
Chem.  Soc. ,  liv. )  doubts  its  accuracy  in  this  case. 

Other  operators  have  recommended  the  use  of  an  ammoniacal 
solution  of  copper  for  removing  the  tannin.  This  modification  is 
not  capable  of  general  application.  Sumac,  however,  is  a  tanning 
material  which  may  be  advantageously  precipitated  by  ammonio- 
cupric  acetate,^  with  titration  of  the  solution  by  permanganate  and 
indigo  before  and  after  the  treatment.^ 

'The  International  Association  of  Leather-Trades  Chemists  recommend: 
"That  the  'bell  form'  of  filter,  as  described  by  Prof.  Procter,  be  adopted,  and 
that  not  less  than  5  grms.  of  hide-powder  be  used,  and  that  the  filtrate  be  rejected 
80  long  as  it  gives  a  turbidity  with  a  clear  tanning  solution.  Tlie  filtrate  may  be 
used  for  the  determination  of  non-tannins  so  long  as  it  gives  no  reaction  with 
hide-powder  water.  That  50  c.c.  or  less  quantity  of  detannized  solution  be  evap- 
orated in  a  weighed  basin  on  a  water-bath,  and  then  dried  till  constant  in  an  air 
oven,  at  a  temperature  of  100°  to  105°  C,  or  in  vacuo  not  exceeding  100°  C." 

'Meyer  {Chem.  ZeiL,  xiv.  1202)  says  that  the  precipitation  with  copper  ace- 
tate yields  excellent  results  if  the  precipitation  takes  place  in  a  hot  solution,  and 
washing  with  hot  water  must  follow  immediately.  The  precipitate  is  dried  at 
110°  C,  weighed,  and  ignited  to  CuO.  From  the  weight  of  the  total  precipitate, 
four-fifths  of  the  weight  of  the  resulting  copper  oxide  is  deducted,  which  gives 
the  total  tannin. 

'By  this  process,  I.  Macagno  {Chem.  News,  xli.  63)  found  that  the  superior 
side  of  sumac  leaves  was  considerably  richer  in  tannin  than  the  lower,  the  propor- 
tion in  old  leaves  being  less  than  in  young.  The  results  varied  from  8.77  per 
cent,  of  tannin  in  the  lower  side  of  old,  to  25.82  per  cent,  in  the  superior  side 
of  young  leaves. 
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N.  H.  Darton  {Jour.  Amer.  Chem.  Soc,  May,  1882)  employs 
ammonio-sulphate  of  copper  in  the  following  manner: — Twenty 
grammes  of  hemlock-bark,  or  an  equivalent  amount  of  other  tannin 
material,  is  extracted  first  with  cold  and  then  with  several  quan- 
tities of  boiling  water.  The  mixed  infusions  are  treated  with 
25  c.c.  of  dilute  sulphuric  acid  (1  :  10),  the  liquid  filtered,  and  the 
filtrate  rendered  slightly  alkaline  wdth  ammonia,  any  precipitate 
being  filtered  off.  A  further  quantity  of  25  c.c.  of  dilute  sulphuric 
acid  is  then  added,  and  the  liquid  made  up  to  1  litre.  100  c.c.  of 
this  solution  is  treated  with  an  equal  measure  of  a  solution  of  cu- 
pric  sulphate  (containing  IJ  per  cent,  of  the  salt),  to  which  suffi- 
cient ammonia  has  been  added  to  dissolve  the  precipitate  first 
formed.  The  liquid  is  passed  through  a  dry  filter,  and  a  definite 
measure  of  the  filtrate  neutralized  and  titrated  for  "not  tannin" 
with  indigo  and  permanganate  in  the  usual  way.  H.  R.  Procter 
states  that  the  preliminary  treatment  with  acid  and  ammonia  is 
unnecessary  in  the  case  of  valonia  (and  probably  in  that  of  oak- 
bark),  and  that  the  process  gives  results  practically  identical  with 
the  improved  gelatin  method,  while  it  is  much  less  troublesome. 
With  chestnut  extract  the  results  are  satisfactory,  provided  the  pre- 
liminary treatment  be  omitted,  as  this  removes  75  per  cent,  of  the 
matter  precipitable  by  gelatin,  and  cutch  behaves  similarly.  On 
the  other  hand,  a  sample  of  larch  extract  which  tanned  well,  and 
showed  18  per  cent,  of  tannin  by  the  gelatin  method,  gave  no  pre- 
cipitate with  the  ammonio-cupric  solution.  This  peculiarity 
would  allow  of  the  estimation  of  valonia-tannin  in  presence  of 
larch-tannin,  and  the  same  principle  might  be  utilized  in  other 
cases. 

When  applicable,  the  copper  process  has  the  advantage  that  the 
precipitate  may  be  washed  with  a  solution  of  ammonium  carbon- 
ate, dried,  and  weighed.  Or  the  precipitate  may  be  ignited,  the 
residue  moistened  with  nitric  acid,  and  re-ignited,  and  the  eupric 
oxide  weighed.  Its  w^eight,  subtracted  from  the  weight  of  the  pre- 
cipitate previously  found,  gives  that  of  the  tannic  acid  wdth  which 
it  was  combined,  or  the  latter  may  be  found  by  multiplying  the 
weight  of  CuO  by  1.034.  This  factor  probably  applies  only  to 
gallotannic  acid. 

A.  Carp  en  6  (Jour.  Chem.  Soc,  xxviii.  1054)  recommends,  for 
the  determination  of  the  tannin  in  wine,  the  use  of  a  solution  of 
ammonio-acetate  of  zinc  containing  a  large  excess  of  ammonia, 
which  reagent  has  the  property  of  forming  with  oeno-tannin  a  tan- 
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nate  of  zinc  quite  insoluble  in  water,  in  ammonia,  and  in  excess 
of  the  reagent  itself;  while  it  gives  no  precipitate  with  alcohol, 
mahc  or  tartaric  acid,  tartrates,  glycerin,  gelatin,  albumin,  or  the 
iron  salts  of  organic  acids.  With  gallic  and  succinic  acids,  glucose, 
and  salts  of  aluminium  it  forms  precipitates  soluble  in  excess  of 
the  reagent  and  in  ammonia. 

On  treating  the  wine  with  an  excess  of  ammoniacal  zinc  acetate, 
a  precipitate  is  formed,  consisting  of  zinc  tannate  mixed  with  a 
small  quantity  of  coloring  matter.  The  wine  is  heated  nearly  to 
boiling  to  agglomerate  the  precipitate,  which,  after  cooling,  is  fil- 
tered off  and  washed  with  a  little  boiling  water,  to  remove  adher- 
ent coloring  matter.  The  precipitate  is  dissolved  in  dilute  sul- 
phuric acid,  and  the  solution  so  obtained  titrated  with  standard 
permanganate  and  indigo,  as  indicated  on  page  73.  The  results 
by  this  method  are  stated  to  be  very  accurate,  when  applied  to 
wine,  but  Kathreiner  found  that  with  ordinary  tannin-matters  the 
figures  were  very  inconstant. 

Determination  of  the  weight  of  tannin  absorbed  by  hide. 

Instead  of  precipitating  or  absorbing  the  tannin  from  an  infu- 
sion by  means  of  gelatin,  and  ascertaining  the  difference  in  the  re- 
ducing power  of  the  liquid  before  and  after 
the  operation,  several  operators  have  pro- 
posed to  note  the  difference  in  the  solid  mat- 
ter contained  in  the  liquid.  In  doing  this 
there  is  considerable  practical  difficulty. 
Thus  the  gelatinous  matter  must  be  so  pure 
that  it  will  not  yield  to  water  sufficient  solu- 
ble matter  to  vitiate  the  result:  the  solution 
must  be  very  dilute,  or  the  whole  of  the  tan- 
nin will  not  be  absorbed;  and  special  means 
must  be  taken  to  bring  the  gelatin  in  con- 
tact with  the  tannin,  as  otherwise  the  outer 
portions  become  swollen  and  impervious  to 
the  liquid,  at  least  within  any  reasonable 
time.  The  last  difficulty  may  be  avoided  by 
using  finely  powdered  hide  to  absorb  the 
tannin,  and  adding  it  in  small  successive 
portions  at  intervals  of  ten  or  twelve  hours, 
whereby  the  portions  first  added  are  made  to  do  the  greater  part 
of  the  work,  and  the  later  additions  effect  the  removal  of  the  last 
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of  the  tannin  from  the  hquid.  A  more  rapid  plan  is  that  of  H.  R. 
Procter,  who  operates  as  follows: — A  piece  of  stout  glass  tube 
about  4  inches  long  and  1  inch  in  diameter  (Fig.  1),  is  fitted  in 
one  end  with  a  perforated  cork  carrying  a  syphon  tube,  the  larger 
leg  of  which  is  from  12  to  15  inches  in  length.  The  end  of  the 
shorter  limb  projects  through  the  cork,  and  is  covered  with  a  little 
tuft  of  cotton  wool  and  a  piece  of  muslin  to  prevent  the  hide  pow- 
der from  passing  into  it.  The  wide  tube  is  filled  with  about  5 
grammes  of  hide  powder,  which  is  well  shaken  but  not  rammed 
in,  and  the  open  end  is  then  covered  by  a  circle  of  muslin,  which 
is  secured  by  an  india-rubber  band.  The  wide  tube  is  then  immersed 
in  100  c.c.  of  the  tannin  infusion  (which  should  not  contain  less  than 
1  per  cent,  of  tannin)  contained  in  a  beaker,  and  when  the  hide 
powder  is  thoroughly  soaked  the  syphon  is  gently  sucked  so  as  to 
cause  the  liquid  to  pass  over  into  a  flask  placed  to  receive  it. 
When  a  volume  of  50  c.c.  has  collected,  it  should  be  evaporated 
to  dryness  at  100°  and  the  residue  weighed.  50  c.c.  of  the  orig- 
inal tannin  infusion  is  similarly  evaporated  to  dryness,  when  the 
difference  between  the  weight  of  the  two  residues  will  be  the 
weight  of  tannin,  etc.,  absorbed  by  the  hide  from  50  c.c.  of  the 
infusion.  The  figure  thus  obtained  requires  to  be  corrected  by  the 
result  of  a  blank  experiment  on  hide  and  distilled  water  alone,  for 
even  the  most  carefully  prepared  hide  gives  a  residue  of  30  to  40 
milligrammes  from  5  grammes.  This  process,  which  is  perhaps 
the  most  rational  yet  devised  for  assaying  tanning  materials,  is  un- 
fortunately wanting  in  accuracy  in  presence  of  much  gallic  acid, 
which  Procter  found  to  be  absorbed  by  hide  from  a  1  per  cent,  so- 
lution to  an  extent  equal  to  78  per  cent,  of  the  whole;  an  unsta- 
ble compound  with  gelatin  being  apparently  formed  which  in 
practical  working  would  have  been  subsequently  decomposed  by 
the  excess  of  tannin.^  Hence,  for  the  assay  of  tanning  materials 
containing  much  gallic  acid,  the  oxidation  method,  in  which  a  so- 
lution of  gelatin  is  employed,  is  to  be  preferred  to  that  of  absorp- 
tion by  hide.^    The  hide  process  is  in  constant  use  at  the  Vienna 

^  The  gravimetric  method  of  estimating  tannin  is  also  open  to  the  objection  that 
a  number  of  other  substances,  such  as  metallic  salts,  phenols,  alkaloids,  picric 
acid,  etc.,  are  precipitated  by  hide,  and  are  therefore  included  in  the  diflerence 
between  the  total  solids  and  the  solids  not  tannin. 

2 According  to  T.  C.  Palmer  {Jour.  Soc.  Dyers,  d'c,  iii.  175),  sumac  extracts 
give  too  high  a  result  by  the  gelatin  precipitation  process,  owing  to  tlie  co-precip- 
itation of  pectinous  matter.    The  error  may  be  avoided  by  first  dissolving  the 


METHODS  FOR  DETERMINING  TANNIC  ACIDS  AND  TANNINS.  85 

Vermchs-station  fur  Leder-industrie,  where  the  error  due  to  the  pres- 
ence of  galHc  acid  has  not  been  found  of  much  practical  moment. 
The  rejection  of  the  first  30  c.c.  of  the  filtrate  reduces  it  consider- 
ably, and  also  greatly  lessens  the  effect  of  the  soluble  matter  in 
the  hide  powder.^ 

H.  Dieudonn^  (Jour.  Soc.  Chem.  Ind.,  v.  549)  has  proposed 
to  ascertain  the  density  of  the  infusion  before  and  after  the  absorp- 
tion by  means  of  a  deHcate  hydrometer,  instead  of  weighing  the 
residues  obtained  on  evaporating  equal  volumes  to  dryness.  He 
uses  a  special  hydrometer,  on  which  1°  Baume  is  divided  into 
hundredths  (!),  and  he  gives  a  table  of  densities  of  solutions  of 
gallotannic  acid.  The  trifling  saving  of  time  effected  by  ascertain- 
ing the  density  of  the  infusions,  instead  of  evaporating  them  to 
dryness,  would  be  more  than  counterbalanced  by  the  uncertainty 
that  all  tannins  have  the  same  solution-density  as  gallotannic  acid."^ 
The  suggestion  is  practically  a  revival  of  the  obsolete  process  of 
Hammer.  According  to  this  observer,  for  concentrations  below 
5  per  cent.,  gallotannic  acid  has  a  solution-density  of  .004.  Above 
that  strength  the  increase  is  shghtly  more  rapid,  a  10  per  cent,  so- 
lution having  a  density  of  1.0406,  and  15  per  cent,  of  1.0614, 
while  a  20  per  cent,  solution  has  a  density  of  1.0824.  Hence  each 
0.1  gramme  of  gallotannic  acid  present  in  100  c.c.  of  its  aqueous 
solution  may  be  regarded  as  increasing  the  density  by  0.0004. 

Under  ordinary  circumstances,  the  direct  observation  of  the  in- 
crease in  the  weight  of  the  hide,  or  other  gelatinous  substance  em- 
ployed, is  impracticable,  but  purified  catgut  has  been  used,  with 
apparent  success,  by  A.  G  i  r  a  r  d  for  the  estimation  of  the  tannin 
and  coloring  matter  of  wine^  (Jour.  Soc.  Chem.  Ind.,  i.  464.) 

extract  in  alcohol,  evaporating  the  filtered  liquid,  and  re-dissolving  the  residue  in 
water.  With  such  treatment,  at  any  rate  if  repeated,  the  precipitation  process 
gives  results  agreeing  with  the  absorption  method. 

^The  International  Conference  of  the  Chemists  connected  with  the  Leather 
Industry  have  adopted  the  hide-powder  method  for  the  estimation  of  tannin. 

^If  any  such  method  be  adopted,  the  use  of  a  Westphal  balance  is  preferable  to 
that  of  a  hydrometer.  By  comparing  the  original  and*  filtered  infusion  side  by 
side  far  better  results  might  be  obtained,  and  if  the  experiments  were  accompanied 
by  determinations  of  the  solid  matter  corresponding  to  the  densities  observed,  a 
useful  series  of  tables  might  be  constructed. 

•''Thick  catgut  (violin  string)  previously  freed  from  oil  by  treatment  with  ether, 
is  the  best  material  to  use,  the  quantity  employed  for  100  c.c.  of  Avine  being  from 
3  to  5  grammes,  according  to  the  character  of^the  sample.  The  membrane  should 
be  obtained  before  being  twisted  or  otherwise  treated.    It  should  be  dried  and 
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W.  Schmitz-Dumont  (^Zeit.  fur  offent.  Chemie.,  iii,  209) 
proposes  as  a  substitute  for  hide  powder  formalin-gelatin  prepared 
in  the  following  way:  thick  filter  paper  is  saturated  with  a  10  per 
cent,  solution  of  gelatin  and  dried.  It  is  then  immersed  for  24 
hours  in  a  2  per  cent,  solution  of  formalin,  and  afterwards  dried 
at  95°.  It  is  then  cut  into  strips  and  reduced  to  powder  by  grind- 
ing, and  again  treated  with  formalin  solution  for  24  hours.  It  is 
then  dried  at  100°.  In  order  to  free  the  preparation  from  trioxy- 
methylin  it  is  digested  in  hot  water  until  the  washings  give  no 
formaldehyde  reaction  with  alkaline  resorcin.  The  powder  is  then 
dried  on  a  water-bath  and  is  ready  for  use. 

Other  Methods  of  Determining  Tannins. 

The  direct  weighing  of  the  precipitate  produced  by  gelatin  in  a 
solution  of  tannin  was  first  suggested  by  Sir  H.  Davy,  who 
stated  that  the  precipitate  contained  40  per  cent,  of  gallotannic 
acid.  The  method  has  been  more  recently  employed  by  Stoddart, 
Macagno,  Giinther,  Johansen,  Lehmann,  and  others,  who  differ 
widely  in  their  statements  as  to  the  composition  of  the  precipitate.^ 
It  undoubtedly  varies  greatly  in  composition  according  to  the 
strength  of  the  solution  and  other  circumstances,  besides  which  it 
is  soluble  in  excess  of  gelatin  solution  and  very  difficult  to  wash 
free  from  alum  or  other  salts  employed  to  curdle  it.  The  variable 
naturfe  of  the  precipitate  is  liable  also  to  vitiate  the  results  obtained 
by  employing  a  gelatin  solution  volumetrically,  to  say  nothing  of 

soaked  in  sulphurous  acid  to  preserve  it.  The  catgut  is  weighed,  softened  by 
soaking  in  water  for  five  hours,  and  immersed  in  the  wine  for  twenty  or  forty- 
eight  hours,  or  until  the  liquid  is  completely  decolorized.  The  catgut  is  then 
removed,  washed  two  or  three  times  with  water,  pressed  between  folds  of  blotting 
paper,  dried  at  35°  to  40°  C.  in  an  open  dish,  and  afterwards  at  100°  in  a  vessel 
which  can  be  closed.  The  increase  in  weight  gives  the  quantity  of  coloring  and 
astringent  matters  in  the  wine  employed  for  the  test.  This  process  appears  to  be 
too  slow  for  the  assay  of  ordinary  tannin-matters. 

1  Assuming  the  precipitate  to  contain  40  per  cent,  of  tannin,  Macagno  obtained 
with  sumac  pretty  constantly  53  per  cent,  of  the  results  yielded  by  permanganate. 
Giinther  found  that  lOO' parts  of  gelatin  precipitated  77  of  gallotannic  acid,  132 
of  catechu-tannin,  130  of  kino,  130  to  132  of  ratanhia,  130  of  oak-bark,  or  168  of 
tormentilla-tannic  acid.  100  parts  of  gelatin  combined  with  120  of  dry  gallotan- 
nic acid,  according  to  Johansen,  and  with  130  of  catecliu-tannic  acid  according  to 
Lehmann.  Quite  recently,  C.  Bottinger  has  found  the  precipitate  produced 
by  gallotannic  acid  to  contain  16.5  per  cent,  of  nitrogen,  corresponding  to  34  jier 
cent,  of  tannin;  while  oak -bark  tannin  gave  a  precipitate  containing  9.5  per  cent, 
of  nitrogen,  corresponding  to  42.7  percent,  of  tannin  {Jour.  Cliem.  Soc,  liv.  014). 
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the  difficulty  of  ascertaining  the  end  of  the  reaction.  But  L  e  h- 
m  a  n  n  has  shown  that  the  Uquid  may  be  diluted  within  certain 
limits  wdthout  notably  affecting  the  result,  while  the  clarification 
of  the  liquid  can  be  effected  by  adding  powdered  glass  or  barium 
sulphate,  and  vigorously  stirring.  He  dilutes  the  tannin  infusion 
with  an  equal  volume  of  saturated  aqueous  solution  of  ammonium 
chloride,  and  titrates  with  a  1  per  cent  solution  of  gelatin  in  cold 
saturated  ammonium  chloride.  The  end  of  the  reaction  is  ascer- 
tained by  filtering  a  few  drops  of  the  liquid  and  testing  it  with  a 
solution  of  gelatin  on  a  watch-glass  placed  on  a  black  surface. 
Catechu-tannic  acid  is  said  to  give  good  results  in  this  way,  1  c.  c.  of 
the  gelatin  reagent  representing  0.139  gramme  of  the  tannin. 
Johansen  recommends  that  a  little  chrome-alum  should  be 
added  to  the  ammonium  chloride  solution. 

A  modified  method  of  determining  tannin  by  precipitation  with 
gelatin  has  been  recently  described  by  Collin  and  B  e  n  o  i  s  t 
(Jour.  Soc.  Dyers,  &c.,  iv.  62),  and  appears  to  merit  a  careful  trial. 
They  employ  an  aniline  dye  in  conjunction  with  gelatin,  and  oper- 
ate in  presence  of  calcium  acetate.^  The  end  of  the  operation  is 
indicated  by  the  decolorization  of  the  liquid,  the  dye  being  precip- 
itated together  with  the  gelatin. 

A  solution  of  t  a  n  n  i  n  is  made  by  dissolving  5  grammes  of  dry 
and  absolutely  pure  tannic  acid  in  water,  adding  0.5  c.c.  of  a  10 
per  cent,  solution  of  mercuric  iodide  dissolved  in  its  own  weight  of 
potassium  iodide,  and  diluting  the  liquid  to  1  litre.  A  weight  of  5 
grammes  of  gelatin  is  dissolved  in  1  litre  of  hot  distilled  water, 
the  liquid  boiled,  and  sufficient  white  of  egg  added  to  make  it  clear. 
After  cooling,  0.5  c.c.  of  the  mercuric  iodide  solution  is  added 
and  sufficient  caustic  soda  to  render  the  liquid  slightly  alkaline. 
50  grammes  of  pure  and  dry  calcium  acetate  is  dissolved  in  1 
litre  of  water,  and  the  filtered  liquid  treated  with  a  few  drops  of 
the  mercuric  iodide  solution.  This  appears  to  act  as  a  perfect  pre- 
servative of  the  solution,  no  alteration  being  perceptible  even  after 
four  months. 

For  the  assay  of  tannin  infusions  which  are  not  colored,  a  1  per 
cent,  solution  of  pure  methylene  blue  is  used.  For  colored  tannins 
or  extracts  either  a  4  per  cent,  solution  of  Nicholson's  blue  BB,  or 
a  1  per  cent,  solution  of  blue-black  NBI. 

^The  use  of  magenta  as  an  indicator  was  previously  suggested  by  Wagner,  but 
wa.s  found  useless  from  the  fact  that  it  was  freely  absorbed  by  the  precipitate  of 
tannate  of  gelatin. 
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For  the  determination  a  flask  is  used,  having  a  capacity  of  about 
60  c.c,  and  a  neck  3  cm.  in  diameter.  1  c.c.  of  gelatin  solution, 
two  drops  of  blue  solution  and  5  c.c.  of  calcium  acetate  are  meas- 
ured into  the  flask,  which  is  then  filled  to  the  neck  with  distilled 
water  at  a  temperature  of  75°  to  80°  C,  by  means  of  a  burette 
capable  of  delivering  at  40  drops  to  1  c.c. ^  A  little  of  the  standard 
solution  of  tannin  is  added,  when  the  flask  is  closed  and  shaken. 
A  precipitate  is  formed  which  rapidly  rises  to  the  surface  of  the 
liquid,  and  the  addition  of  the  tannin  is  continued  drop  by  drop 
with  agitation  between  each  addition  until  the  solution  becomes 
colorless.  The  process  is  then  repeated  with  a  solution  of  the 
tannin-matter  to  be  assayed,  which,  if  acid,  should  previously  be 
nearly  neutralized  by  the  cautious  addition  of  caustic  soda. 

The  method  has  been  tried  under  various  conditions.  Altera- 
tions in  the  strength  of  the  tannin  solutions;  the  presence  of  other 
organic  matters,  such  as  lactates,  butyrates,  gallates,  and  gallic 
acids;  and  all  the  salts  that  accompany  tannin  as  it  occurs  in  com- 
merce, have  little  or  no  influence  on  the  results.  The  operation  is 
only  spoilt  when  a  large  proportion  of  gallic  acid  is  present,  and 
this  difficulty  can  be  got  rid  of  by  adding  a  known  measure  of  the 
standard  tannin  solution  to  the  solution  to  be  assayed,  and  subse- 
quently making  the  requisite  correction. 

A  method  of  assaying  tea,  originating  with  theauthor(  Chem. 
iVew5,,xxix.  169,  189),  was  based  on  the  precipitation  of  the  tannin 
from  a  hot  solution  by  a  standard  solution  of  lead  acetate,  the  end 
of  the  reaction  being  ascertained  by  filtering  a  few  drops  of  the 
liquid  and  testing  it  with  ammoniacal  ferricj^anide.  The  method 
was  selected  partly  because  the  indications  included  any  gallic  acid 
which  might  be  present,  and  hence  is  not  suited  for  the  assay  of 
tanning  materials  without  some  modification.^ 

^  The  authors  used  specially  constructed  burettes.  An  ordinary  burette  with 
glass-tap  would  answer  the  purpose,  if  a  special  nozzle  of  drawn-out  glass  tube 
were  attached  to  it  by  india-rubber  tubing.  Apparently  it  Avould  not  be  difficult 
to  modify  the  manipulation  so  as  to  employ  larger  quantities  or  more  dilute  solu- 
tions, and  thus  avoid  the  necessity  of  using  a  special  burette. 

'^M.  Villon  {Jour.  Soc.  Chem.  Ind.,  vi.  388)  states  that  gallic  acid  is  not 
precipitated  by  lead  acetate,  but  the  author  has  proved  that  only  a  minute  trace 
remains  in  solution.  It  seems  probable,  as  suggested  by  Guyard,  that  by  using  a 
solution  of  acetate  of  lead  containing  a  considerable  quantity  of  free  acetic  acid  it 
might  be  possible  to  precipitate  tannic  acids  (and  coloring  matter)  while  leaving 
gallic  acid  in  solution,  and  then,  by  treating  the  lead  precipitate  Avith  dilute  sul- 
phuric acid,  a  solution  would  be  obtained  in  which  the  tannic  acid  could  be 
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R.  Jackson  {Chem  News,  1.  179)  has  proposed  to  agitate  tan- 
nin infusions  with  lead  carbonate,  filter  after  a  few  hours,  and  cal- 
culate the  tannin  from  the  loss  of  gravity,  assuming  a  1  per  cent, 
solution  of  all  kinds  of  tannin  to  be  1.0038. 

InGerland's  process,  the  tannin  is  precipitated  by  a  standard 
solution  of  tartar-emetic  (2.611  grammes  per  litre),  in  presence  of 
ammonium  chloride,  which  prevents  the  co-precipitation  of  gallic 
acid.  The  assay  of  sumac  by  this  method  yielded  J.  Macagno  re- 
sults which  were  constantly  two-thirds  of  those  given  by  titration 
with  permanganate.  The  tendency  of  the  antimonial  solution  to 
change  may  be  obviated  by  the  addition  of  methylated  spirit  to 
the  solution  (or  probably  by  carbolic  acid).  Some  tannins  (e.  g., 
those  of  catechu  and  horse-chestnut)  are  not  precipitated  by  tartar- 
emetic. 

Richards  and  Palmer  (Silliman's -4mer.  Jour.  Science,  [3], 
xvi.  196,  361)  substitute  acetate  for  the  chloride  of  ammonium  in 
Gerland's  process,  and  ascertain  the  point  of  complete  precipita- 
tion of  the  tannin  by  testing  a  drop  of  the  clear  supernatant  liquid 
on  a  hot  porcelain  plate  with  solution  of  sodium  thiosulphate, 
which  will  produce  an  orange  precipitate  if  the  antimony  is  in  ex- 
cess. The  standard  solution  of  tartar-emetic  contains  6.730 
grammes  of  the  dried  salt  per  litre;  1  c.c.  of  this  solution  is 
equivalent  to  0.01  gm.  of  tannin. 

The  estimation  of  tannin  by  precipitation  with  an  ammoniacal 
solution  of  copper  has  already  been  described. 

A.  Casali  {Jour.  Soc.  Dyers,  etc.,  i.  66)  has  proposed  to  deter- 
mine tannin  by  precipitation  with  a  solution  of  ammonio-sulphate 
of  nickel.  A  volume  of  solution  (1  c.c.)  which  will  precipitate 
0.01  gramme  of  gall- tannin  is  stated  to  be  equivalent  to  0.01497 
of  oak-bark  tannin. 

F.  Becker  has  described  a  method  of  determining  tannin  by 
precipitation  with  a  solution  containing  5  grammes  of  methyl-vio- 
let per  litre  (Jour.  Soc.  Dyers,  etc.,  i.  180).  50  c.c.  measure  of 
this  solution  is  diluted  with  450  c.c.  of  water  at  50°  C,  and  a  1 
per  cent,  solution  of  pure  gallotannic  acid  run  slowly  in,  with  con- 
tinual stirring,  until  the  coloring  matter  is  completely  precipitated, 
a  point  readily  ascertained  by  filtering  a  small  sample.  A  similar 
experiment  is  then  made  with  an  infusion  of  the  tanning  material 

determined  by  indigo  and  permanganate.  This  direction  seems  to  the  author  the 
most  hopeful  one  in  which  to  work  with  a  view  of  devising  a  rapid  and  direct 
process  for  the  determination  of  tannins. 
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to  be  tested.  The  process  is  said  to  be  well  adapted  for  the  assay 
of  sumac,  and  would  probably  be  found  useful  in  most  cases 
where  the  tannin  is  intended  to  be  employed  in  dyeing. 

O  s  t  e  r  m  e  y  e  r,  improving  on  a  suggestion  of  Wagner,  has 
proposed  to  determine  tannin  by  a  standard  solution  of  cinchonine 
colored  with  magenta,  the  end  of  the  reaction  being  indicated  by 
the  pink  tint  acquired  by  the  solution  (Chem.  News,  xl.  181). 
Gallic  acid  is  not  precipitated  by  cinchonine.  Some  observers  re- 
port unfavorably  of  this  process,  and  state  that  in  certain  cases  the 
liquid  acquires  a  red  tinge  long  before  the  tannin  is  precipitated. 
The  alkaloid  solution  contains  4.523  grammes  of  sulphate  of  cin- 
chonine, with  0.5  gramme  sulphuric  acid  and  0.1  gramme  fuchsine 
in  1  litre;  each  c.c.  of  this  solution  precipitates  0.01  gramme  of 
tannic  acid. 

F.  Jean  (Jour,  Soc.  Chem.  Ind.,  v.  179)  has  described  an  in- 
genious process  of  determining  tannin,  based  on  the  volume  of 
the  infusion  requisite  to  render  a  solution  of  iron  opaque.  The 
operation  is  conducted  in  a  beaker  8J  centimetres  in  diameter, 
placed  in  a  good  light  on  a  black  cloth,  having  on  it  a  small  circle 
of  white  paper  about  5  cm.  in  diameter.  5  c.c.  measure  of  a  so- 
lution of  iron,  containing  14  grammes  of  ferric  chloride  and  10 
c.  c.  of  hydrochloric  acid  per  litre,  is  run  into  the  beaker,  and  200 
c.c.  of  water  added.  A  0.1  per  cent,  solution  of  tannin  is  then 
dropped  in  with  constant  stirring.  The  operation  is  finished  when 
tlie  disk  of  white  paper  is  wholly  invisible  after  the  liquid  has 
come  to  rest,  which  in  the  case  of  pure  gallotannic  acid  occurs 
when  11.6  c.c.  of  the  solution  has  been  added.  In  comparing 
tanning  materials  with  this  it  is  simply  necessary  to  take  care  that 
the  infusions  are  approximately  of  the  same  richness  in  tannin, 
and  this  may  be  attained  by  extracting  1.5  gramme  of  European 
bark,  1.0  Of  African  bark,  0.5  of  quebracho,  0.5  of  sumac,  or 
0.25  gramme  of  catechuj  and  diluting  the  liquid  to  100  c.c.  The 
determination  can  be  made  very  rapidly,  and  is  said  to  be  accurate 
to  i  per  cent.  By  subsequently  repeating  the  experiment  with  a 
solution  which  has  been  treated  with  hide,  the  error  caused  by 
gallic  acid  may  be  eliminated. 

E.  Durien  {Year-Booh  Pharm.,  188G,  iii.)  has  proposed  to  de- 
termine tannin  by  adding  acetic  acid  nnd  ferric  chloride  to  the  in- 
fusion, and  then  dropping  in  a  standard  solution  of  bleaching 
powder  (5  grammes  per  litre)  till  the  color  of  the  liquid  changes 
suddenly  to  a  rose-l)rown  tint.  Sugar  was  found  not  to  afTcct  the 
result,  but  gallic  acid  was  ignored. 
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F.  Musset  (Chem.  News,  li.  42)  has  described  a  method  of  ti- 
trating tannin  by  oxidation  with  iodine.  100  c.c.  of  a  1  per  cent, 
of  bark  is  treated  with  20  c.c.  of  decinormal  solution  of  iodine 
(12.7  grammes  per  htre),  the  flask  filled  to  the  neck  with  warm 
air-free  water,  and  carefully  closed.  After  twelve  hours,  the  free 
iodine  is  reduced  by  standard  thiosulphate  solution,  which  should 
be  added  somewhat  in  excess,  and  the  liquid  titrated  back  with 
decinormal  iodine  and  starch.  By  operating  in  a  similar  manner 
on  a  solution  which  has  been  treated  with  gelatin,  the  disturbing 
effect  of  gallic  acid  and  other  "not  tannin"  matters  is  ascertained, 
and  can  be  allowed  for. 

A.  Moullade  (Jour.  Pharm.  Chim.,  xxii.  153)  describes  a 
method  of  determining  tannin  by  means  of  iodine  in  the  presence 
of  sodium  bicarbonate.  Carbon  disulphide  is  used  as  an  indica- 
tor. The  iodine  solution  should  contain  5.2  grammes  of  iodine 
and  7.6  grammes  of  potassium  iodide  per  litre;  the  sodium  bicar- 
bonate solution  is  1: 10.  To  10  c.c.  of  a  tannin  solution  30  c.c.  of 
the  bicarbonate  solution  are  added,  together  with  2-3  c.c.  of  carbon 
disulphide.  The  iodine  solution  is  introduced  from  a  burette  until 
a  blue  color  appears.  Several  titrations  are  necessary  to  insure 
good  results.  In  the  presence  of  substances  whose  behavior  is 
similar  to  tannin,  two  experiments  are  necessary,  in  one  of  which 
the  tannic  acid  is  precipitated  by  the  gelatin;  the  difference  between 
the  two  titrations  corresponds  to  the  tannin  present. 

D  reaper  (Jour.  Soc.  Chem.  Ind.,  1893,  412)  gives  a  volumetric 
method  for  tannic  and  gallic  acids  by  direct  precipitation  with  a 
copper  salt,  using  an  outside  indicator,  preferably  potassium  ferro- 
cyanide.  A  standard  solution  of  copper  sulphate  is  added  to  the 
tannin  Solution  in  the  presence  of  a  known  quantity  of  barium 
carbonate.  The  latter  immediately  forms  an  insoluble  precipitate 
with  the  free  acid  which  is  liberated,  and  also  aids  in  consolidating 
the  precipitated  copper  salts,  causing  the  precipitation  to  proceed 
with  great  nicety.  The  copper  sulphate  solution  should  contain 
30  grammes  of  the  crystallized  salt  in  1  litre  of  water,  and  the  ba- 
rium carbonate  should  be  free  from  calcium  salts,  as  these  would 
precipitate  some  of  the  tannic  acid. 

E.  Guenez  (Compt.  rend.,  ex.  532)  gives  the  following  volu- 
metric method  for  the  estimation  of  tannin.  A  standard  solution 
is  prepared  containing  12  grammes  of  tartar-emetic  and  1  gramme 
of  Poirier's  green  4JE  to  1  litre  of  water.  The  solution  of  tannin 
is  run  from  a  burette  into  20  c.c.  of  {he  boiling  colored  solution 
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until  it  is  completely  decolorized.  The  standard  solution  may  be 
fixed  on  a  solution  of  pure  oak-gall  tannin  of  known  strength, 
Gallic  acid  does  not  interfere  with  the  process. 

L.  Roos  {Jour.  Pharm.  Chim.,  1890,  59)  gives  a  volumetric 
method  adapted  to  the  determination  of  tannin  in  wines.  A  10 
per  cent,  solution  of  tartaric  acid  is  used,  made  faintly  alkaline 
with  ammonia;  neutral  lead  acetate  is  then  added  until  the  pre- 
cipitate no  longer  dissolves,  when  the  solution  is  filtered.  Tannin 
is  said  to  be  completely  precipitated  by  this  solution,  sodium  sul- 
phide being  used  as  an  indicator.  About  25  c.c.  of  the  wine  are 
taken  for  analysis  and  made  slightly  alkaline  with  ammonia. 

P.  Wilhelm  (Rev.  gen.  des  mat.  colorantes,  Aug.,  1898)  de- 
scribes a  method  of  estimating  tannin  by  adding  the  tannin  solu- 
tion to  a  known  volume  of  standardized  methylene  blue  solution 
(containing  a  small  quantity  of  ammonia  to  neutralize  the  free 
mineral  acid  generated)  until  the  reaction  is  complete.  The 
methylene  blue  solution  should  contain  12.5  grammes  dissolved  in 
1  litre  of  water,  and  the  coloring  matter  should  be  free  from  zinc. 
The  tannin  solution  is  titrated  into  the  methylene  blue  solution  to 
which  a  little  ammonia  has  been  added.  The  end  point  is  deter- 
mined by  spotting  from  time  to  time  on  stout  filter  paper.  When 
all  the  blue  has  been  precipitated,  the  back  of  the  spotted  filter 
paper  remains  colorless.  The  process  has  given  results  accurate 
within  2  per  cent. 

L.  Vignon  (Compt.  rend.,  cxxvii.  369)  describes  a  method  for 
the  estimation  of  tannin  by  the  use  of  silk.  He  claims  that  silk 
free  from  gum  absorbs  tannin  readily  and  completely  from  solu- 
tions of  tannin  materials  at  50°  Be.,  but  does  not  absorb  gallic  acid, 
glucose,  etc.  The  tannin  may  be  estimated  either  by  the  increase 
in  the  weight  of  the  silk,  or  by  the  difference  in  the  proportion  of 
solid  matters  in  the  solution  before  and  after  treatment  with  silk, 
or  by  titration  with  permanganate.  The  accuracy  of  this  method, 
however,  the  author  has  found  to  depend  on  the  nature  of  the  tan- 
nin material  employed,  as  silk  does  not  appear  to  absorb  all  tannin 
materials  in  the  same  proportion. 

A.  Seyda  (Chem.  ZeiL,  xxii.  1085)  describes  a  delicate  test  for 
tannins.  He  has  noticed  that  if  gold  chloride  is  added  to  a  very 
dilute  solution  of  tannin  a  clear  purple  liquid  is  obtained.  The 
principal  use  of  this  test  is  to  determine  the  presence  of  tannin  in 
liighly  colored  extracts.  Before  applying  the  test  they  are  diluted 
until  practically  colorless,  the  gold  chloride  is  added,  and  the 
liquid  allowed  to  stand  for  half  an  hour. 
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S.  T.  Hinsdale  (Chem.  News,  1890)  gives  the  following colori- 
metric  method  for  estimating  tannin  in  bark  which  appears  to  have 
a  practical  value.  The  following  solutions  are  prepared:  Dissolve 
0.04  gramme  potassium  ferricyanide  in  500  c.c.  water,  and  add  to 
it  1.5  c.c.  liquid  ferric  chloride;  this  is  called  the  iron  mixture. 
Dissolve  0.04  gramme  ''pure  tannin"  (gallo-tannic  acid),  which 
has  been  dried  at  100°  C,  in  500  c.c.  water;  call  this  the  tannin 
solution.  0.8  gramme  of  the  bark  is  exhausted  with  boiling 
water,  and  the  extract  made  up  to  500  c.c.  with  cold  water.  Place 
six  2  ounce  beakers  on  a  white  surface,  and  in  one  of  them  place 
5  drops  of  the  bark  infusion,  and  in  the  others  put  4,  5,  6,  7  and 
8  drops  of  the  tannin  solution.  Add  to  each  5  c.c.  of  the  iron 
mixture,  and  then  make  a  further  addition  of  20  c.c.  of  water  to 
each  after  about  one  minute;  and  within  three  minutes  observe  the 
shades  of  color.  Then  the  number  of  drops  of  tannin  solution 
used  in  the  beaker  which  corresponds  in  shade  of  color  to  the 
beaker  containing  the  bark  infusion  indicates  the  percentage  of 
tannin  in  the  bark.  The  results  are  necessarily  in  terms  of  com- 
mercial gallo-tannic  acid,  and  not  in  those  of  pure  tannin  or  of 
the  particular  tannin  in  the  material  assayed.  For  substances 
containing  over  10  per  cent,  of  tannin,  the  infusion  should  be 
proportionately  diluted. 

Examination  of  Tan-Liquors. 

Besides  determining  the  tannin  and  oxidizable  substances  in  tan- 
liquors,  it  is  frequently  desirable  to  obtain  further  information  as 
to  the  proportion  and  nature  of  the  free  acids  present.  It  is  an 
error  to  suppose  that  the  principal  free  acid  of  tan-liquors  is  gallic 
acid,  as  this  is  not  present  in  pure  bark-yards.  The  most  abun- 
dant acid  is  usually  acetic,  though  butyric,  lactic,  and  other  acids 
produced  by  fermentation  are  frequently  present. 

The  total  free  acid  may  be  ascertained  by  titrating  the  filtered 
liquid  (previously  clarified,  if  necessary,  with  kaolin)  vAih  lime- 
water.  The  end  of  the  reaction  is  indicated  by  the  production  of 
a  permanent  turbidity,  showing  that  the  acids  which  held  the  cal- 
cium tannate  in  solution  are  neutralized.  By  titrating  another 
portion  of  the  liquor  with  lime-water,  using  methyl-orange  as  an 
indicator,  the  proportion  of  strong  acids  capable  of  producing 
^'plumping,"  or  swelling  of  the  leather,  will  be  roughly  ascer- 
tained.   Sulphuric  acid  is  sometimes  added  for  this  purpose. 

A  more  accurate  and  elaborate  method  of  assaying  tan-liquors 
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has  been  described  by  Kohnstein  and  S  i  m  a  n  d  {Jour.  Chem. 
Soc,  xlviii.  935).  To  determine  the  volatile  organic  acids  (acetic, 
butyric,  etc.),  100  c.c.  measure  of  the  Kquor  is  distilled  to  30  c.c, 
the  residue  made  up  with  water  to  the  original  bulk  and  again  dis- 
tilled, and  the  process  repeated  till  the  total  distillate  measures  300 
c.c,  when  it  is  titrated  with  standard  caustic  alkali  and  phenol- 
phthalein,  and  the  acidity  expressed  in  terms  of  acetic  acid. 
By  adding  sulphuric  acid  and  water  to  the  contents  of  the  retort, 
and  again  distilling  and  titrating  the  distillate,  the  combined  acetic 
acid  may  be  determined. 

Another  portion  of  the  liquid  (80  or  100  c.c.)  is  shaken  with  3 
to  4  grammes  of  freshly-ignited  magnesia,  quite  free  from  carbon- 
ate and  lime.  The  mixture  is  left  for  some  hours  with  frequent 
agitation,  when  the  brown  or  dirty  green  color  will  have  disap- 
peared, and  the  filtered  liquid  will  be  nearly  colorless,  neutral,  and 
free  from  tannin.  The  magnesia  in  sofution  is  determined  in  an 
aliquot  part  of  the  filtered  solution,  and  will  be  equivalent  to  the 
total  free  acids  of  the  liquor,  exclusive  of  the  tannic  acid,  which  is 
completely  precipitated  together  with  the  coloring  matter.  An- 
other portion  of  the  filtrate  is  evaporated  to  dryness,  and  the  resi- 
due gently  ignited.  The  ash  is  moistened  with  carbonic  acid  w^ater 
and  dried.  It  is  then  boiled  with  distilled  water,  and  the  solution 
filtered.  The  magnesia  remaining  insoluble  corresponds  to  that 
which  existed  in  the  solution  as  magnesium  salts  of  organic  acids, 
and  may  be  determined  gravimetrically  as  pyrophosphate,  or  dis- 
solved in  standard  acid  and  titrated  with  alkali  and  methyl-orange 
or  litmus.  By  dividing  the  percentage  of  acetic  acid  previously 
found  by  3,  and  subtracting  this  figure  from  the  percentage  of 
MgO,  the  weight  of  the  latter  corresponding  to  the  non-volatile  or- 
ganic acids  of  the  liquor  will  be  found;  and  4.5  times  this  amount 
will  be  their  equivalent  of  lactic  acid.  The  magnesia  con- 
tained in  the  aqueous  solution  of  the  ash  is  equivalent  to  the  free 
sulphuric  acid  originally  present. 

The  liquors  of  a  set  of  seven  handlers,  in  a  Continental  upper- 
leather  tannery  in  which  larch-bark  was  used,  showed,  by  the 
above  process,  in  grammes  per  100  c.c. : — Total  acids  reckoned  as 
acetic,  from  0.20  to  0.68;  volatile  acids,  0.05  to  0.46;  and  fixed 
organic  acids  reckoned  as  lactic  acid,  0.05  to  0.59. 

In  the  estimation  of  tannin  in  acid  liquors,  M  ti  r  k  a  t  z  has  rec- 
ommended neutralizing  the  acid  with  barium  carbonate,  claiming 
that  no  loss  of  tannin  is  caused.    But  others  have  shown  (B  a  r  t  e  1, 
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Dingl.  Pohjt.  Jour.,  1891,  p.  233)  that  a  considerable  loss  of  tannin 
does  occur  in  neutralizing  with  either  barium  carbonate  or  sodium 
hydrate,  and  consequently  such  a  treatment  is  not  permissible. 

The  hide-powder  process  for  the  gravimetric  estimation  of 
tannin  is  not  applicable  to  the  testing  of  acid  liquors,  because  the 
hide  absorbs  a  certain  proportion  of  the  acid  which  is  thus 
estimated  as  tannin. 

J.  Passler  {Dingier^  s  Poly  t.  Jour.,  ccxcv,  141)  claims  that  if  the 
greater  proportion  of  the  volatile  acid  has  been  removed  previously 
by  repeated  evaporations,  the  hide-powder  process  can  usually  be 
applied  to  the  testing  of  tan-liquors  containing  acetic  and  lactic, 
and  similar  acids,  without  serious  error;  and  that  the  results  are 
sufficiently  accurate  for  due  control  of  the  tannin  process,  and  far 
more  accurate  than  those  obtained  by  the  Lowenthal  or  Miirkatz 
processes.^ 

Estimation  of  Sugar-Content  of  Tanning  Materials. 

For  a  solid  tanning  material,  a  weighed  quantity  of  the  ground 
substance  is  extracted  with  water  (1  litre  at  100°  C. ).  600  c.c.  of 
the  filtered  extract  are  concentrated  to  200  c.  c. ,  and  the  tannins,  etc. , 
are  precipitated  from  this  solution  by  the  addition  of  20  c.c.  of  lead 
acetate  solution;  after  15  minutes,  during  which  time  the  flask 
has  been  frequently  shaken,  the  liquid  is  filtered  through  a  dry 
filter,  and  to "100  c.c.  of  the  filtrate,  10  c.c.  of  sodium  sulphate 
solution  (equivalent  to  the  lead  acetate  solution)  are  added;  the 

^F.  Andreasch  {Der  Gerber,  xxiii.  Ill)  in  a  study  of  the  fermentation 
phenomena  in  tan  liquors,  shows  that  the  acidity  of  the  liquor  is  due  to  the  fol- 
lowing causes : 

1.  Putrefactive  bacteria  from  tlie  hides,  bates,  etc.,  accommodate  themselves  to 
the  acid  reaction  of  tan  liquors ;  they  dissolve  certain  nitrogenous  constituents  of 
the  hide,  and  thereby  furnish  the  chief  nutriment  for  the  more  specific  acid-pro- 
ducing bacteria.  In  liquors  which  are  in  use,  the  production  of  acid  is  propor- 
tional to  the  hide  substance  present,  provided  sufficient  quantity  of  carbohydrates 
are  present. 

2.  Acetic  acid,  which  in  fresh  tan  liquors  is  the  chief  acid,  is  always  formed  by 
two  separate  processes:  (1)  the  production  of  alcohol  by  yeasts  from  the  glucoses 
of  the  non-tannins,  and  (2)  the  fermentation  of  the  alcohol  by  acetic  bacteria.  In 
tan  liquors  it  is  never  formed  directly  from  carbohydrates. 

3.  Lactic  acid  is  produced  by  several  species  of  bacteria  both  from  the  sugars 
and  other  carbohydrates  of  tan'|liquors,  and  from  the  sugars  alone  by  a  yeast.  A 
good  supply  of  nitrogenous  nutriment  is  necessary  for  its  production,  the  greater 
part  of  which  is  furnished  by  the  hides. 

4.  Butyric  acid  occurs  only  in  sound  tan  liquors. 


96 


TANNINS  OR  ORGANIC  ACIDS. 


lead  sulphate  is  removed  by  filtration  through  a  dried  filter  and  25 
CO.  of  the  filtrate  are  taken  for  the  estimation  of  the  sugar.  There 
are  mixed  in  a  beaker,  30  c.c.  of  copper  sulphate  solution,  30  c.c. 
of  alkaline  Rochelle  salt  solution  and  60  c.  c.  of  water.  The  whole 
is  heated  to  boiling  and  the  25  c.c.  of  extract  are  added;  the 
beaker  is  then  placed  in  a  boiling  water  bath  for  30  minutes.  The 
cuprous  oxide  is  filtered,  dried,  heated,  and  reduced  in  the  usual 
manner.  Should  the  tanstuf!  be  poor  in  sugar,  or  in  case  the 
method  is  applied  for  the  analysis  of  a  leather,  which  is  not  weighted 
with  sugar,  a  larger  volume  than  25  c.c.  may  be  taken  for  the  esti- 
mation, but  a  correspondingly  smaller  volume  of  water  must  be 
added  to  the  Fehling's  solution,  in  order  that  the  total  volume  from 
which  the  cuprous  oxide  is  to  be  precipitated  may  not  exceed  145  c.c. 

The  quantity  of  material  extracted  must  vary  with  its  nature,  as 
follows : — 

Grms. 

Oak-wood,  chestnut-wood,  and  spent  bark   30 

Oak-bark,  willow-bark,  pine-bark,  fir-bark,  larcb-bark,  &c.  .  .  20 
Quebracho-wood,  sumac,  rove,  cayota-bark,  garouille,  canaigre.  10 

Myrabolams,  valonia,  knoppern  7 — 10 

Mimosa-bark  .  .   i  5 — 10 

Divi-divi,  algarobilla,  trillo   5 

In  the  examination  of  extracts,  8-20  grms.  of  the  sample  are  dis- 
solved in  250  c.c.  of  this  solution,  and  without  filtration,  are  treated 
with  lead  acetate,  etc. ,  exactly  as  described  above,  the  sugar  deter- 
mination being  made  with  25  c.c,  or  more,  of  the  final  filtrate 
under  the  conditions  already  given.  Tanning  liquors  must  gener- 
ally be  concentrated  before  the  precipitation  with  lead  acetate. 

In  estimating  the  sugar  in  a  leather  it  is  usual  to  employ  the  20 
grms.  of  the  finely- divided  sample  which  have  already  served  for 
the  estimation  of  moisture,  and  have  been  extracted  with  carbon 
bisulphide  for  the  estimation  of  the  fat.  This  portion  is  extracted 
in  a  Koch's  apparatus  at  the  ordinary  temperature  in  the  manner 
described  above.  The  litre  of  extract  is  concentrated  to  500  c.c, 
and  200  c.c.  of  this  solution  serve  for  the  precipitation  with  lead 
acetate,  etc.  Some  40  c.c.  of  the  final  filtrate  are^  used  for  the 
sugar  determination. 

The  lead  acetate  solution  for  this  work  is  prepared  by  mixing 
300  grms.  of  lead  acetate  with  100  grms.  of  htharge  and  50  c.c. 
of  water,  heating  on  the  water-bath,  with  replacement  of  evap- 
orated water,  until  the  mixture  is  white,  digesting  with  a  litre  of 
cold  water,  and  filtering. 
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Mean 

"  Sugar  "-Content. 

Proportion  of 

A        -"v/i til rl  i n or 



Tannin- 

Substances  to 

Content. 

Mean. 

Minimum. 

Maximum. 

100  Tannin. 

Per  Cent. 

Per  Cent. 

•Per  Cent. 

Per  Cent. 

Pine-bark  extract  .  .  . 

25.00 

Q  44 

31.4 

Pine-bark            .  .  . 

11.63 

o,oo 

2.65 

4  47 

30.4 

Oak-bark  (young)   .  . 

10.10 

1  7^^ 

^  4fi 

26.2 

41.50 

O.  Ot7 

7  Q8 

1  « t70 

o.  oo 

20.2 

10.00 

9  IR 

£i.  lO 

*  * 

21.60 

30.00 

9J. 

20.80 

43.00 

ft  9Q 

o.Zo 

0.  Z"! 

in  4Q 

19.1 

30.00 

o.  oo 

O.  lO 

17.8 

Sumac  (Italian)  .... 

28.00 

rt.Oo 

*  • 

16.2 

Oak-bark  extract 

28.00 

9  47 

^  Q9 
o.  yz 

11.0 

Chestnut-wood  extract 

(normal  liquid)  .  .  . 

30.00 

9  87 

O.  <JO 

9.6 

28.80 

9  AQ 

1  91 
1.  Zl 

Q  (^7 

O.0  4 

9.3 

22.00 

1.65 

•  * 

*  • 

7.5 

Hemlock-bark  .... 

12.32 

n  71 

5.76 

Trillo  from  Yalonia  .  . 

43.50 

2.41 

5.5 

25.00 

1  on 

ft  fi7 

1 

4.0 

47.18 

1.85 

3.92 

29.00 

1.13 

3.9 

Quebracho  extract 

70.00 

2.41 

1.04 

3.80 

3.4 

32.00 

0.91 

0.33 

1.57 

2.8 

30.00 

0.65 

0.54 

0.71 

2.2 

39.89 

0.50 

1.25 

Quebracho-wood  .  .  . 

22.00 

0.25 

6.10 

0.65 

1.1 

An  inspection  of  the  table  will  show  those  materials  which  con- 
tain a  high  ratio  of  sugar  to  tannin  are  those  which  have  always 
been  used  for  the  tanning  of  such  leather  as  requires  an  acid  liquor 
for  the  production  of  full  weight.  It  must  not  be  forgotten,  how- 
ever, that  although  there  is  direct  evidence  that  the  Fehhng- 
reducing  compounds  give  rise  to  acid,  there  is  not  yet  evidence 
that  they  are  the  sole  cause  of  acidity;  starch  under  certain  con- 
ditions can  give  rise  to  acids. 

Detection  of  Sumac  Adulteration. 

Sumac  is  often  adulterated  with  leaves  of  Tamarix  africana  and 
Pistacia  lentiscus.  In  order  to  detect  these  adulterations,  the  fol- 
lowing property  of  a  pure  sumac  decoction  is  made  use  of :  If  lead 
acetate  in  caustic  potash  is  added  to  a  decoction  of  sumac,  and  the 
mixture  concentrated,  a  brownish-red  liquid  is  obtained,  which 
assumes  a  claret  color  when  diluted  with  water.  The  intensity  of 
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this  color  will  depend  on  the  amount  of  sumac  present,  and  since 
the  decoctions  of  the  leaves  used  for  adulteration  do  not  give  this 
color,  the  reaction  may  be  employed  not  only  for  their  detection, 
but  also  for  their  quantitative  estimation  by  colorimetry.  (M. 
Spica,  Gazz.  Chim.  Ital,  1897,  349.) 

For  this  purpose  5  gms.  of  the  sample  are  boiled  for  half  an 
hour  in  half  litre  of  water.  After  cooling,  the  liquid  is  made  up 
to  its  original  volume  and  filtered.  25  c.c.  of  the  filtrate  are  run 
into  a  flask  together  with  5  c.c.  basic  lead  acetate  (sp.  gr.  1.184, 
containing  250  gms.  basic  lead  acetate  per  litre)  and  15  c.c. 
caustic  potash  solution  (sp.  gr.  1.155).  The  mixture  is  shaken 
and  then  boiled  until  the  volume  has  decreased  to  15  c.c.  In 
case  of  pure  sumac,  the  concentrated  reddish-brown  liquid  is 
almost  perfectly  clear.  The  presence  of  an  insoluble  precipitate 
is  sufficient  to  indicate  the  probabilit}^  of  adulteration.  To  obtain 
the  amount  of  adulteration  the  liquid  is  diluted  to  250  c.c,  fil- 
tered and  examined  colorimetrically.  The  intensity  of  color  of 
pure  sumac  is  equal  to  that  of  a  solution  of  0.15  gm.  of  safranine, 
in  1  litre  water,  which  may  be  taken  as  a  standard  in  case  a  pure 
sumac  sample  is  unavailable.  A  suitable  colorimeter  may  be  em- 
ployed for  the  determination. 

Spica  also  furnishes  the  following  method  of  determining  the 
presence  of  Pistacia  lentiscus  in  sumac :  Half  a  gramme  of  the  sample 
is  boiled  in  a  test-tube  with  5  c.c.  of  an  18  per  cent,  solution  of 
caustic  potash.  Pure  sumac  gives  a  brownish-yellow  color  be- 
coming paler  when  diluted  with  water.  If  lentiscus  is  present  the 
solution  assumes  a  brown  color  with  a  violet  tint  and  on  dilution 
this  changes  to  a  chestnut  brown. 

As  the  ash  of  Tamarix  africana,  with  which  sumac  is  also  fre- 
quently adulterated,  contains  considerable  sulphuric  acid,  its 
presence  may  be  detected  in  the  following  manner:  1  gm.  of  the 
sample  is  boiled  for  half  an  hour  with  100  c.c.  water;  the  filtered 
liquid  is  acidulated  with  nitric  acid,  and  barium  chloride  is  added. 
If  Tamarix  is  present  the  solution  will  become  turbid. 

F.  Andreasch  (Der  Gerber,  xxiv,  573)  gives  the  following 
method  for  the  analysis  of  sumac  containing  adulterants  from  8  to 
60  per  cent. :  About  20  gms.  of  the  material  is  treated  with  a  litre 
of  water  at  60°  C.  and  filtered.  The  addition  of  several  drops  of 
formaldehyde  (40  per  cent,  solution)  gives  a  light  yellow  flocculent 
precipitate  if  Pistacia  is  present;  care  must  be  taken  to  have  the 
solution  neutral.  Arsenious  acid  sokition  when  warmed  with  a  solu- 
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tion  of  Pistacia,  gives  a  white  precipitate;  mercurous  nitrate  gives 
a  yellow  precipitate,  which  gradually  turns  green.  A  pure  sumac 
solution  should  give  no  precipitate  with  formaldehyde.  Sulphurous 
acid  and  potassium  cyanide  give  no  reaction  with  pure  sumac;  if 
Tamarix  is  present,  however,  sulphurous  acid  produces  a  white 
precipitate  or  cloudiness;  and  potassium  cyanide  gives  a  dirty- 
yellow  precipitate.  Sicilian  sumac  should  never  have  less  than 
about  22  per  cent,  of  tannin,  and  not  more  than  18  per  cent,  of 
non-tannins.  As  the  tannin  in  Pistacia  and  Tamarix  ranges  from 
8  to  17  per  cent,  and  the  non-tannins  from  20  to  26  per  cent.,  a 
sample  of  commercial  sumac  containing  less  than  20  per  cent,  of 
tannin  and  more  than  20  per  cent,  of  non-tannins  may  be  taken 
^s  being  adulterated. 


DIES  AND  COLORING  MATTERS. 


Until  the  middle  of  this  century,  nearly  all  the  coloring  matters 
used  for  dyeing  were  either  such  as  existed  ready-formed  in  the 
vegetable  or  animal  kingdom,  or  were  producible  from  natural 
products  by  very  simple  chemical  processes.  In  a  few  cases, 
however,  as  when  chromate  of  lead  or  Prussian  blue  was  formed 
as  an  insoluble  precipitate  in  the  fibre,  the  dyes  were  strictly  of 
artificial  origin.  Now,  the  vast  majority  of  the  coloring  matters 
used  as  dyes — as  distinguished  from  mere  paints  or  pigments — are 
products  of  organic  synthesis,  being  in  almost  all  cases  obtained, 
by  a  series  of  highly  scientific  processes,  from  coal-tar. 

Picricacid  and  a u r i n  are  the  oldest  of  the  coal-tar  colors, 
but  the  coal-tar  color  industry  may  be  said  to  date  from  1856, 
when  Perkin  accidentally  discovered  the  violet  dye  called  mauve, 
in  the  course  of  an  investigation  having  as  its  object  the  sjaithesis 
of  quinine.  In  1859  Hofmann  synthesized  aniline-red  (magenta), 
and  in  the  following  year  Verguin  manufactured  it  in  quantity. 
In  1860,  rosaniline  or  magenta  first  became  of  commercial  im- 
portance, owing  to  the  simultaneous  discovery  of  the  arsenic  acid 
process  by  Medlock  and  Nicholson.  Phenylated  blues  were 
first  produced  by  Girard  and  De  Laire  in  the  same  year,  but  their 
insolubility  rendered  their  application  limited  until  Nicholson,  in 
1862,  discovered  a  method  of  rendering  them  soluble  by  conversion 
into  sulphonic  acids.  The  first  azo-dye,  amido-azobenzene, 
w^as  introduced  by  Simpson,  Maule,  &  Nicholson  in  1863,  under 
the  name  of  aniline  yellow,  and  in  the  same  year  the  methyl- 
ated and  ethylated  rosanilines,  known  as  Hofmann's  violets, 
were  manufactured  by  the  same  firm.  Aniline  black,  also, 
was  discovered  by  Lightfoot  in  1863.  Azo-diphenyl  blue,  the 
first  of  coloring  matters  now  known  as  i  n  d  u  1  i  n  e  s,  appeared  in 
1864,  as  also  did  dinitronaphthol  or  Manchester  yellow. 
In  1866,  triamido-azobenzene  or  Bismarck  brown  was  first 
made,  and  in  the  same  year  Coupler's  nitrobenzeneprocess 
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of  marmfacturing  magenta  was  introduced.  In  1868,  Graebe  and 
Liebermann  announced  their  discovery  of  the  constitution  of 
alizarin,  and  in  the  following  year  this  coloring  matter  was  first 
manufactured  from  anthracene.  Galleinand  fluorescein 
were  discovered  in  1871,  and  in  1874  tetrabromfluorescein  was 
introduced  as  a  dye  by  Caro,  under  the  name  of  e  o  s  i  n.  Diamido- 
azobenzene  or  chrysoi'dine  was  introduced  by  Witt  in  1875. 
Methylene  blue  and  acid  magenta  were  introduced  by 
Caro  in  1877,  and  in  the  same  year  the  fugitive  aniline  yellow 
was  rendered  valuable  and  stable  by  Grassier,  by  conversion  into 
asulphonic  acid.  In  1878,  the  tropseolins,  fast-red, 
naphthol-s carle t,  and  other  sulphonated  azo-colors  were  first 
manufactured ;  and  malachite  green  dates  from  the  same 
year.  In  1879,  the  first  of  the  secondary  azo-dyes  appeared  under 
the  name  of  Biebrich  scarlet.  The  analogous  crocein 
scarlets,  discovered  in  1881,  are  fast  exterminating  the  cochi- 
neal industry.  The  synthesis  of  indigo  was  effected  by  Baeyer 
in  1880,  and  indophenols  were  introduced  by  Koechlin  and 
Witt  in  1881.  In  1883,  Caro's  process  of  manufacturing  coloring 
matters  of  the  rosaniline  group  by  the  aid  of  phosgene  gas  was 
patented.  Congo-red,  the  first  of  the  numerous  class  of  benzi- 
dine dyes,  which  dye  cotton  without  a  mordant,  was  patented  by 
Bottiger  in  1884,  and  this  was  followed  in  the  same  year  by 
chrysamin.  In  1885,  a  z  o-b  1  u  e  and  benzazurin  appeared, 
and  in  1886  the  benzopurpurins  were  patented.  Numerous 
other  dyes  are  constantly  appearing,  and  in  many  cases  they 
exceed  in  fastness,  brilliancy,  or  cheapness  those  already  in  the 
market.* 

Constitution  of  Coloring  Matters. 

The  term  aniline  dye  is  in  popular  phraseology  regarded  as 
synonymous  with  coal-tar  dye,  but  this  definition  is  far  from 
accurate.  Picric  acid  and  its  allies,  aurin,  the  various  eosins, 
alizarin  and  anthrapurpurin,  indigo,  and  many  other  important 
coloring  matters  are  now  strictly  coal-tar  dyes,  though  they  cannot 
by  any  straining  of  the  term  be  appropriately  described  as  aniline 
dyes. 

Graebe  and  Liebermann  have  enunciated  the  rule  that  all 
colored  organic  compounds  (^e.g.^  quinones,  azobenzene  derivatives, 
nitro-compounds,  etc.)  are  decolorized  by  reducing  agents,  and 

•Sec  R  Melflola,  Jour.  Soc.  Arts,  May  26,  1886;  or  Jour.  Soc.  D.  &.  C.  II,  95. 
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from  this,  they  infer  that  the  coloring  matters  either  contain 
elements  with  incompletely  saturated  affinities,  or  that  certain  of 
the  atoms  are  present  in  more  intimate  association  than  their 
retention  in  the  molecule  necessitates.  0.  Witt  has  formulated 
the  conclusion  that  the  tinctorial  nature  of  aromatic  compounds  is 
the  consequence  of  the  presence  together  of  a  color-giving  or 
chromophoric  group,  such  as  NOg,  CO,  or  N : N,  and  a  salt- 
forming  group,  either  OH  or  NH^.  The  common  proposition 
that  all  bodies  containing,  for  instance,  an  NOg  and  an  OH  group 
are  colored,  does  not  hold  true.  Upon  the  nature  of  the  salt- 
forming  group  depends  the  character  of  the  coloring  matter,  those 
containing  OH  being  usually  acids,  while  all  basic  coloring  matters 
contain  at  least  one  NH^  group,  either  intact  or  substituted. 

Basic  Coloring  Matters,  which  may  be  considered  as  salts  of 
color-bases  or  phenylated  ammonia  derivations,  are  always  em- 
ployed in  dyeing  in  the  form  of  one  of  their  salts,  the  hydro- 
chloride being  the  usual  form  of  combination,  though  the  acetate, 
nitrate,  and  other  compounds  are  employed  in  certain  cases.  Color- 
ing matters  of  distinctly  basic  character,  which  lose  their  color  on 
coming  in  contact  with  acids,  cannot  be  employed  in  dyeing,  except 
certain  very  weak  bases,  which  are  absorbed  by  the  fibre  as  such, 
and  not  in  the  form  of  their  salts.  Amido-azobenzene  (aniline 
yellow)  is  an  instance  of  this,  for  its  salts  are  decomposed  by  water, 
and  hence,  when  silk  is  dyed  by  an  acidulated  solution  of  its  hydro- 
chloride, and  then  washed  with  water,  the  free  base  only  remains 
on  the  fibre.  In  the  free  state,  the  color-bases  are  usually  color- 
less, or  only  slightly  colored.  Most  of  them  can  be  converted  into 
soluble  acid  coloring  matters  (sulphonic  acids)  by  treatment  wdth 
strong  sulphuric  acid.* 

Acid  Coloring  Matters,  like  all  acids,  contain  hydrogen  which 
is  readily  replaceable  by  metals  with  formation  of  salts.  The 
hydrogen  may  form  part  of  a  hydroxyl  group,  OH,  as  in  picric 
acid;  of  a  sulphonic  group,  SO3H,  as  in  helianthin;  of  an  imido 
group,  NH,  as  in  aurantia;  or  of  a  carboxyl  group,  COOH,  as  in 
the  scarlet  obtained  from  salicylic  acid.  Those  coloring  matters, 
which  owe  their  acid  properties  to  the  hydroxyl  group,  are  very 
weak  acids  (e.g.,  alizarin,  aurin);  but  the  acid  characters  are  con- 
siderably intensified  by  the  introduction  of  haloid  or  nitro-groups. 
Thus  the  eosins  and  nitrophenols  have  much  stronger  acid  charac- 

*  Basic  aniline  colors  may  be  precipitated  by  soap  when  the  stearates  and  oleates 
formed  are  soluble  in  benzene.    These  are  known  as  resinate  colors. 
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ters  than  the  fluorescein  and  phenol  from  which  they  are  derived. 
The  acid  coloring  matters  (excepting  sulphonic  acids)  are  insoluble 
or  only  sparingly  soluble  in  water,  but  dissolve  in  dilute  alkalies. 
In  other  words,  their  alkali-metal  salts  are  soluble,  and  this  solu- 
bility increases  with  the  number  of  hydroxy!  groups,  but  if  the 
hydrogen  of  the  OH  be  replaced  by  alkyl  radicals,  the  resultant 
compounds  are  rendered  less  soluble  or  insoluble  in  water.  Many 
of  the  acid  coloring  matters  unite  with  metallic  hydroxides  (e.g., 
stannic,  ferric,  chromic,  aluminium)  to  form  insoluble  compounds 
called  lakes. 

Sulphonic  Acids  msij  be  derived  from  either  basic  or  phenolic 
colors,  and  are  obtainable  either  by  the  action  of  sulphuric  acid  on 
a  ready-formed  coloring  matter,  or  by  the  direct  transformation  of 
a  previously  prepared  sulphonic  acid  into  a  coloring  matter.  The 
sulphonic  group,  SO3H,  is  not  a  chromophore,  and  has  so  little 
influence  on  the  color  that  the  original  and  the  sulphonated  dye 
are  usually  of  exactly  the  same  color.  The  sulphonic  acids  are 
usually  soluble,  and  can  be  employed  in  acid  baths,  and  volatile 
coloring  matters  (e.g.,  aniline  yellow)  can  be  rendered  non- volatile 
by  sulphonation.  The  salts  of  the  sulphonic  acids  are  generally 
soluble.  Those  derived  from  azo-dyes  have  usually  the  color  of 
the  free  sulphonic  acids,  and  are  taken  up  by  the  fibre  as  salts; 
while  the  salts  of  the  sulphonated  basic  dyes  have  usually  a  dull, 
indefinite  color,  and  in  these  cases  it  is  the  free  sulphonic  acid 
which  is  taken  up  by  the  fibre,  or  rather  which  is  retained  by  it. 
Thus,  alkali-blue  is  absorbed  by  the  fibre  as  a  salt,  the  free  sul- 
phonic acid  being  subsequently  liberated  by  immersion  in  an  acid 
bath. 

Neutral  Coloring  Matters  are  rarely  met  with.  Indigo  is  the 
most  notable  example,  but  the  special  means  employed  in  using  it 
sufficiently  indicate  its  exceptional  character. 

Relations  of  Coloring  Matters  to  Fibres. 

While  the  chemist  defines  dyes  and  coloring  matters  as  acid, 
basic,  and  neutral,  the  dyer  classifies  them  according  to  their  be- 
havior with  fibres.  Thus,  excluding  indigo,  aniline  black,  prus- 
sian  blue,  and  a  few  other  coloring  matters  which  are  produced  by 
some  chemical  reaction  occurring  within  the  fibre  itself,  dyes  may 
be  classed  as  substantive  or  direct,  and  adjective  or 
mordant. 

Substantive  Dyes  are  absorbed  directly  from  their  solutions  by 
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the  fibre,  and  combine  with  it  without  requiring  the  intervention 
of  a  mordant.  The  animal  fibres  (e.  g.  silk  and  wool)  possess 
great  affinity  for  most  of  the  coal-tar  colors,  and  in  many  cases  ab- 
sorb them  so  completely  that  the  liquid  is  rendered  colorless. 
Many  coloring  matters  are  taken  up  by  animal  fibres  more  readily 
from  an  acid  than  from  a  neutral  bath;  and  in  such  cases  the  bath 
is  usually  acidified  ( ' '  soured  " )  by  sulphuric,  acetic,  or  tartaric 
acid.  If  sulphuric  acid  be  used,  sodium  sulphate  is  generally 
added  also,  as  the  resultant  acid  sulphate  of  sodium  has  less  action 
on  the  fibre  than  free  sulphuric  acid.  Some  dyers  add  acid  sodium 
sulphate  as  such,  instead  of  forming  it  in  the  dye-bath.^  In  wool- 
dyeing,  sodium  or  magnesium  sulphate  is  often  added  to  the  bath, 
to  reduce  the  solubility  of  the  coloring  matter,  and  to  obtain  faster 
and  more  even  colors.  In  order  to  avoid  an  uneven  or  "cloudy  " 
appearance,  silk  is  usually  dyed  in  a  weak  soap-bath  made  with 
Marseilles  or  good  olive-oil  soap.  If  an  acid  bath  is  required, 
boiled-off  liquor  is  used,  together  with  sulphuric  or  acetic  acid. 

It  is  generally  assumed  that  in  substantive  dyeing  a  chemical 
combination  ensues  between  the  coloring  matter  and  the  fibre. 
But  in  some  cases,  as  when  wool  is  dyed  with  alkali-blue  or  cotton 
with  indigo,  a  colorless  neutral  substance  is  absorbed  by  the  neutral 
^and  indifferent  fibre,  and  is  only  converted  into  a  colored  body  by 
a  subsequent  chemical  reaction,  namely,  the  liberation  of  the  free 
sulphonic  acid  in  the  first  case,  and  oxidization  to  indigo-blue  in 
the  latter. 

The  "ingrain  colors "  produced  on  cotton  by  means  of  primuline 
afford  a  remarkable  example  of  the  building  up  of  a  dye  wdthin 
the  fibre. 

Cotton  shows  but  little  tendency  to  combine  with  coal-tar  dyes, 
except  those  known  as  the  benzidine  or  diamine  colors, 
which  dye  it  without  requiring  the  agency  of  a  mordant.  On  the 
other  hand,  oxycellulose,  vegetable  parchment,  and  the  various 
modifications  of  nitrocellulose,  possess  considerable  affinity  for 
coal-tar  colors. 

Adjective  Dyeing.  Mordants. — In  many  cases,  cotton  and 
other  vegetable  fibres  can  only  be  dyed  tlirough  the  interven- 
tion of  a  mordant.  Sometimes  the  mordant  acts  by  forming  an 
insoluble  compound  with  the  coloring  matter,  according  to  a 

*  Care  must  be  taken  not  to  employ  the  impure  acid  sodium  sulphate  known  in 
commerce  as  "nitre-cake,"  as  nitric  acid  has  a  very  injurious  action  on  many 
coloring  matters. 
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definite  chemical  reaction  :  and  in  other  cases  simply  serves  as  a 
medium  on  which  the  color  acts  as  a  substantive  dye.  Albumin 
acts  in  this  way,  as  also  many  substances  in  a  state  of  fine  division, 
such  as  calcium  phosphate  and  carbonate,  silica,  etc.,  when  pre- 
cipitated on  the  fibre.  In  some  cases,  coloring  matters  which 
have  themselves  been  fixed  on  the  fibre  act  as  mordants  for  others. 
Thus  the  benzidine  dyes  may  be  employed  for  mordanting  the 
basic  aniline  dyes  on  cotton.  Several  useful  combinations  are 
thus  obtainable. 

The  proteids  resemble  silk  and  wool  in  their  affinity  for  coal-tar 
dyes,  and  hence  albumin,  etc.,  are  employed  in  calico-printing. 
A  solution  of  albumin  mixed  with  the  coloring  matter  is  printed 
on  the  cotton  fibre.  On  steaming,  the  ablumin  is  coagulated  and 
the  color  becomes  fixed. 

Tannin  acts  as  a  mordant  for  basic  dyes,  as  it  forms  with  them 
insoluble  tannates.^  These  compounds  are  soluble  in  acetic  acid  or 
alcohol,  and  if  the  solutions  thus  obtained  are  thickened  with 
starch  or  dextrin  and  printed  on  cotton,  the  tannate  becomes  fixed 
and  insoluble  on  steaming  the  goods.  Better  results  are  obtained 
by  employing  in  conjunction  with  the  tannin  and  color-base  a 
metallic  salt  {e.g.^  tartar  emetic,  stannic  chloride,  lead  acetate, 
etc. )  capable  of  reacting  to  form  an  insoluble  tannate. 

The  use  of  oil  in  dyeing  turkey-red  is  a  familiar  example  of  the 
application  of  oil  mordants,  which  are  generally  employed  in  con- 
junction with  inorganic  mordants. 

Silica,  sulphur,  and  metallic  ferrocyanides  and  sulphides  {e.g., 
of  zinc  and  tin)  act  as  useful  mordants  for  certain  dyes. 

On  soda  being  added  gradually  to  a  solution  of  lead  acetate  or 
aluminium  sulphate,  avoiding  the  formation  of  an  actual  precipi- 
tate, a  basic  compound  is  formed  which  is  decomposed  by  the  cotton 
fibre  into  a  still  more  basic  one  which  remains  fixed  and  insoluble, 
and  a  soluble  acid  salt.  The  complete  fixation  of  the  mordant  can 
be  effected  by  immersing  the  cotton  in  a  dilute  solution  of  soap  or 
alkaline  carbonate,  or  by  washing  it  with  hard  water.    Wool  has 

*  The  tannates  of  the  color-bases  may  be  either  soluble  or  insoluble,  according 
to  the  proportions  used,  the  following  being  the  quantities  required  to  form  in- 
soluble lakes,  according  to  J.  Koechlin:  — 
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a  greater  affinity  than  cotton  for  metallic  hydroxides,  and  hence 
alum  is  partially  decomposed  by  wool  with  liberation  of  sulphuric 
acid.  Chemical  equilibrium  is  soon  reached,  but  if  a  tartrate  be 
added  the  absorption  of  alumina  proceeds  much  further,  as  tartaric 
acid  is  liberated  instead  of  sulphuric  acid. 

The  acetates  of  iron  (ferric),  aluminium,  and  some  other  metals 
undergo  decomposition  when  heated,  with  formation  of  free  acetic 
acid  and  insoluble  basic  acetates.  Hence  these  metallic  acetates 
act  as  valuable  mordants,  especially  for  silk,  while  they  become 
perfectly  fixed  on  cotton  by  steaming.  The  thiocyanates  have 
recently  come  into  use  for  a  similar  purpose. 

Wool  is  usually  mordanted  with  chromium  or  aluminium 
hydroxides;  the  former  is  obtained  by  the  use  of  bichromate  of 
potash  used  in  conjunction  with  tartar  or  sulphuric,  oxalic,  or  lactic 
acid,  or  chromium  fluoride. 

Classification  of  Dyes  and  Coloring  Matters. 

The  arrangement  of  dyes  and  coloring  matters  in  groups  with  a 
view  to  their  convenient  description  is  preferably  based  on  their 
chemical  characters.  In  certain  cases,  however,  the  dyes  defy 
simple  classification,  and  in  others  a  strict  adherence  to  a  system 
produces  inconvenience.  The  coloring  matters  still  obtained  from 
natural  sources  are  also  best  considered  together  in  the  same  sec- 
tion, however  different  they  may  be  in  chemical  nature. 

The  following  arrangement  is  that  adopted  in  this  work  for  the 
description  of  the  dyes  and  coloring  matters  and  the  methods  of 
recognizing  them:  ^ — 

^S.  de  Kostanecki  {Jour.  Soc.  Dyer^s  etc.)  has  proposed  the  following 
scheme  for  the  classification  of  the  organic  dyestuffs.  He  characterizes  the  for- 
mula by  the  presence  of  its  chromophor  which  all  contain  double  bonds,  and 
arranges  them  according  to  the  nature  and  number  of  these  chromophors : 


A.  Dyestuffs  containing  a  Single  Chromophor. 
C  :  C.       Dibiphenylene  ethene. 

C  :  O.       Oxyketones,  oxycoumarines,  oxyflavones,  oxyxanthones. 
C  :  N.       Auramine,  thioflavine,  quinoline  yellow. 
^O. 

Nitro-coloring  matters. 

^O. 

N :  N.      Azo  colors. 
N  :  N :  O.  Azoxy  colors. 


B.  Dyestuffs  containing  Several  Chromophors. 
(a)  Streptostatic  Chromophors  {Ketone  Type). 


Unsaturated  oxyketones,  indogenides,  oxyindogenides,  indigo. 


Oxydiketones,  oxydixanthones. 
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1.  Nitro-,  Nitroso-,  and  Isonitroso-coloring  matters. 

2.  Azoxy-coloring  matters. 

3.  Hydrazo-derivatives. 

4.  Azo-,  and  Tetrazo-coloring  matters. 
6.  Oxyketone  derivatives. 

6.  Di-  and  Triphenylmethane  coloring  matters. 

(6)  Cydostatic  Chromophors  (Quinone  Type). 


C  :  C. 

C  :  0. 

C  :N. 

( Basic  coloring  matters  of  the 
C  :  N  .  <    triphenylmethane  group 

C:N:0   

ioxyquinones. 

1  Indophenols. 
j  Nitrosophenols. 

Resazurine. 

f  Indamines. 
J  Azines. 
I  Safranines, 
[indulines. 

(c)  Streptostatic  and  Cydostatic  Chromophors. 
This  group  comprises  several  complicated  coloring  matters,  such  as  Alizarin  Blue,  Styro- 
gallol,  &c. 

W.  Schaposchinkoff  {Chem.  ZeiL,  xxii.  55)  has  also  proposed  a  classifi- 
cation which  is  intended  to  express  both  the  chemical  character  of  the  dyestuff  and 
.  its  relation  to  the  fibre,  as  well  as  the  method  of  its  application. 


I.  DyestufFs  with  Acid 
Characteristics. 


Group  1. 

Dyestuffs 
Dyeing  from 
an  Acid 
Bath. 


1.  Nitro- dye- 
stuffs. 

2.  Most  of  the 
a  z  o  -  d  y  e- 
stuffs. 

3.  Triphenyl- 
meth  an  e 
sulphon  i  c 
acids,  in- 
duline  and 
qu  incline 
dye  stuffs, 
indigo  car- 
mine. 

4.  Hydrazone 
dyestufls. 

5.  Chromo- 
trope. 


Group  2. 

Dyestuffs 
which  Dye 
on  Metallic 
Mordants. 


6.  Some  azo- 
dyestuffs. 

7.  Oxyquinone 
and  quinone 
oxime  dye- 
stuffs. 

8.  Some  qnin- 
o  n  e-i  m  i  d  e 
dyestuffs. 

9.  Oxyketone, 
xanthone, 
and  flavone 
dyestuffs. 

10.  PhthaleTn 
and  rosolic 
acid  d  y  e- 
stuffs. 

11.  N  a  tu  ral 
dyestufis. 


II.  Dyestuffs 
with  Salt-like 
Characteristics. 
Substantive 
Dyestuffs. 


Group  3. 

Dyestuffs 
which  Dye 
from  a  Neutral 
or  Alkaline 
Bath. 


12.  Some  nat- 
u  r  a  1  d  y  e- 
stuffs. 

13.  T  e  t  r  a  z  o 
dvestuffs. 

14.  Thiazol 
dyestuffs. 


III.  Dyestuffs 
with  Basic 
Character- 
istics. 


Group  4. 

Dyestuffs 
which  Dye 

from  a 
Neutral  Bath 


15.  Basic  azo- 
dyestuffs. 

16.  Di-  and 
tri-phenyl- 
me  thane 
dyestuffs. 

17.  Most  of 
the  quin- 

0  n  e-imide 
dyestuffs. 

18.  Q  u  i  n  o- 

1  i n e  and 
acridine 
dyestuffs. 


IV.  Indifferent  Dyestuffs. 


Group  5. 

Dyestuffs 
which  are 
formed  on  the 
Fibre. 


19.  Metals. 
20. 1  n  s  o  luble 
azo-dyestuffs. 

21.  Mineral 
colors. 

22.  Indigo  and 
indophenol. 

23.  A  n  i  1  i  n  e 
black. 

24.  Catechu, 
bistre, 
rin. 


cana- 


Group  6. 

Dyestuffs 
mechanic- 
ally attached 
to  the  Fibre. 


25.  Albumin 
colors. 
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7.  Indophenols. 

8.  Oxazines,  Thiazines,  and  Azines. 

9.  Quinoline  and  Acridine  coloring  matters. 

10.  Thiobenzyl  and  Thiazol  coloring  matters. 

11.  Coloring  matters  of  unknown  constitution. 

12.  Natural  coloring  matters. 

13.  Examination  and  analysis  of  coloring  matters. 

14.  Examination  of  dyed  fabrics. 

I.  Nitro-,  Nitroso-,  and  Isonitroso-coloring  Matters. 

Of  this  class,  the  nitro-coloring  matters  are  the  most  numerous 
and  also  the  most  important;  the  other  two  groups  of  this  class 
yield  but  a  few  unimportant  dyestuffs. 

(a.)  Nitro-bodies. 

Nitric  acid  acts  very  violently  on  phenol  and  similar  bodies,  and 
by  the  direct  reaction  or  by  indirect  means  a  number  of  bodies  may 
be  obtained,  some  of  w^hich  are  coloring  matters  of  considerable 
commercial  importance. 

The  resulting  nitro-compounds  contain  one  or  more  atoms  of  the 
radical  nitryl,  (NO^),  in  place  of  the  hydrogen  of  the  original 
substance.  They  are  crystalline  bodies,  usually  more  or  less  yellow 
in  color,  only  slightly  soluble  in  cold  water,  and  not  soluble  to  any 
great  extent  in  boiling  water;  but  they  are  readily  soluble  in  alco- 
hol and  ether,  and  are  removed  by  the  latter  solvent  from  their 
acidulated  aqueous  solutions. 

The  nitrophenols  and  their  allies  have  marked  acid  proper- 
ties, readily  decomposing  metallic  carbonates,  and  furnishing  a 
series  of  salts  all  or  nearly  all  of  which  are  more  or  less  soluble  in 
water,  and  often  form  crystals  of  great  beauty,  ranging  in  color 
from  a  pale  yellow  to  a  fine  crimson.  The  salts  of  the  nitro-phenols 
and  their  allies  all  deflagrate  with  greater  or  less  facility  when 
ignited,  and  many  of  them  detonate  on  percussion,  the  more  highly 
nitrated  compounds  (e.  g.,  the  picrates)  exploding  with  consider- 
able violence. 

In  cases  where  the  nitro-body  is  the  product  of  a  limited  nitra- 
tion, it  may  be  converted  into  the  corresponding  sulphonic 
acid  by  treatment  with  strong  sulphuric  acid;  but  this  is  not  pos- 
sible when,  as  in  the  case  of  picric  acid,  the  number  of  nitro 
groups  in  the  molecule  is  at  the  maximum.  With  the  exception 
of   flavaurin,  naphthol  yellow   S,  and   Schoellkopf's  brilliant 
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yellow,  none  of  these  dyestuffs  are  sulphonated  compounds.  The 
sulphonic  acids  of  the  nitro-coloring  matters  are  stable  bodies, 
readily  soluble  in  water.  The  nitro-coloring  matters  as  a  class  dye 
wool  and  silk  yellow  or  orange,  but  have  no  affinity  for  cotton. 
Their  acid  characters  are  well  marked  and  stronger  th;\n  the  pheno- 
loid  bodies  from  which  they  are  derived.^  They  dissolve  in  con- 
centrated sulphuric  acid  to  form  yellow  or  colorless  solutions. 
Strong  reducing  agents,  such  as  stannous  chloride  and  hydrochloric 
acid,  convert  them  into  the  colorless  amido-derivatives. 
Fibres  dyed  with  nitro-coloring  matters,  or  aqueous  solutions  of 
the  bodies  themselves,  are  but  slightly  altered  by  hydrochloric 
acid,  while  ammonia  and  caustic  soda  tend  to  darken  or  redden 
the  color.  With  fibres  dyed  by  nitro-coloring  matters  in  acid 
baths,  the  color  may  subsequently  be  partly  removed  by  boiling 
water.  These  reactions  serve  to  distinguish  the  nitro-dyes  from 
other  yellow  coloring  matters.  Thus  phosphine  is  turned 
light  by  ammonia,  while  the  yellow  a  z  o  -  d  y  e  s  are  reddened  by 
acids.  Phosphine,  again,  is  extracted  from  its  alkaline  aqueous 
solutions  on  agitation  with  ether,  but  the  nitro-compounds  are  not 
dissolved  by  ether  under  similar  conditions.  In  presence  of  dilute 
sulphuric  acid  in  excess,  the  simple  nitro-dyes  (e.  picric  acid, 
dinitrocresol,  dinitronaphthol,  and  aurantia)  are  extracted  by 
ether,  but  the  sulphonic  acids  (e.  g.,  naphthol  yellow  S)  are  not 
dissolved,  in  this  respect  resembling  the  yellow  azo-dyes  (except 
chrysamin). 

The  nitro-colors  are  sold  in  the  form  of  their  alkali  or  lime 
salts;  picric  acid,  however,  is  an  exception,  it  being  sold  in  the 
free  state  owing  to  the  explosive  nature  of  the  picrates. 

The  nitro-dyestuffs  produce  yellow  to  orange  yellow  colors  when 
dyed  on  the  animal  fibres;  but  they  have  no  practical  application 
in  cotton  dyeing.  As  a  class  their  use  is  gradually  decreasing, 
although  the  naphthol  yellows  and  brilliant  yellow  still  appear  to 
maintain  their  prestige  in  the  trade. 

^  Nitro-derivatives  in  general  appear  to  possess  more  or  less  tinctorial  properties, 
and  especially  those  of  the  amines  and  phenols;  but  it  is  only  in  derivatives  of 
the  latter  that  the  coloring  power  assumes  the  pronounced  character  of  a  dye- 
stuff.  In  amine  derivatives,  the  basic  properties  of  the  amido-group  decrease  with 
the  number  of  nitro-groups  introduced  into  the  molecule  ;  in  fact,  in  a  body  like 
diphenylamine,  where  the  basic  character  is  but  feeble,  the  introduction  of  several 
nitro-groups  will  give  rise  to  an  acid  dyestuff.  The  salts  of  the  acid  nitro-deriva- 
tives  have  a  more  pronounced  color  than  the  free  acid  itself ;  for  instance,  para- 
nitrophenol  is  a  colorless  substance,  whereas  its  salts  have  a  pronounced  yellow 
color. 
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Commercial  Name. 

Formula. 

1 

Remarks. 

Picric  Acid. 

CeH, 

r  (i)OH 

(2)N02 
(4)N0, 
I  (6)N0a 

Action  of  nitric 
acid  on  phenol. 

Victoria  Yellow. 

f(l)OK  f(l)OK 
CaHJ  (2)CH3       and  CeH  J  (4)CH3 

U3,5)(NO,),                i  3,5)(NO,), 

From  ortho-  and 
para-cresol. 

Naphthol  Yellow. 

iAcid)  r 

(1)  0H 

(2)  N0, 
(4)N02 

I'rom  alpha- 
naphthol. 

Naphthol  Yellow  S. 

C10H4  - 

r  (1)0K 
(2)N0, 
(4)N02 

L  (7)S03K 

From  alpha- 
naphthol. 

Brilliant  Yellow. 

C10H4  - 

r  (i)OH 

(2)  NO, 
4)N0, 
.  (SjSOaNa 

From  acid  Sch. 

Aurantia. 

N(NHJ  - 

r  (2)CeH,  ^ 
L  (2)CeH,  ^ 

^(1)N0, 
(3)N02 

,(5)N0, 
(1)N0, 
(3)N02 

.(5)N0, 

From  diphenyl- 
amine. 

Nitrosamine  Red. 

Mikado  Golden  Yel- 
low 2  G,  4  G,  6  G,  8G. 

Direct  Yellow 
2  G,  3  G. 

CH(l)CeH3  . 

II 

CH(1)C6H3 

r  (4)N0, 
[  (6)S03Na 

r  (4)N0, 
[  (ejSOgNa 

Flavaurin. 
New  Yellow. 

CeH,  1 

'  (1)0NH4 
(2)N02 
(4)S03NH4 
(6)N0a 

Salicyl  Yellow  A. 

CeH,.Br.(N02) 

From  salicylic 
acid. 

Salicyl  Orange. 

CeHBr(N0.),{g)ggf- 

From  salicylic 
acid. 

Palatine  Orange. 

CeHj  1  [f)0NH4 

From  tetrazo- 
diphenyl. 

Sun  Gold. 
Iloliochry.sin. 

P   „  f(l)0Na 
'-loUaj^NO,)* 

Citronin. 

From  di  phenyl- 
amine. 
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Character  of 
Uyestuff. 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye 
WITH  Sulphuric  Acid. 

Other  Charac- 
teristics. 

With 
Caustic 
Soda. 

With 
Hydrochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilu- 
tion with 
Water. 

Yellow  crystals : 
Yellow  solution. 

Soluble  in 
alcohol. 
With  KCN— 
brown  sol. 

Orange  powder ; 
Orange  solution. 

No 
change. 

White  pp. 

Pale 
yellow. 

Used  for  color- 
ing foods. 

Orange  yellow 

plates ; 
Yellow  solution. 

Precipitates 
diuitronaph- 
thol. 

■■ 

Soluble  in 
alcohol. 

Orange  yellow 

powder ; 
Yellow  solution. 

Yellow 
pp. 

Yellower. 

Yellow  powder ; 
Yellow  solution. 

Orange 
pp. 

Clear  yellow 
solution. 

Pale 
Yellow. 

Brown  crystals ; 
Orange  solution. 

Yellow  pp. 

YelloAV  paste ; 
Yellow  solution. 

Yellow  pp. 



Yellow  iK)wder ; 
Yellow  solution. 

Yellow 
nn 

Browner. 

Red. 

Yellow. 

Orange  powder , 
Yellow  solution. 

Darker. 

Claret  red. 

Claret  red. 

Colorless. 

Obsolete. 

Pale  yellow 
powder ; 
Yellow  solution. 

Obsolete. 

Orange  i)owder ; 
Orange  solution. 

No 
change 

White  pp. 

Obsolete.  Sol- 
uble in  alcohol. 

Brown  powder ; 
Orange  solution. 

Brown  pp. 

Obsolete. 

Orange  scales ; 
Orange  solution. 

Yellow  pp. 

Obsolete. 

Orange  lumps 
containing  8oap ; 
Orange  solution. 

Yellow 
pp. 

White 
emulsion. 

Brown. 

Yellow. 

Obsolete. 
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The  following  sections  contain  detailed  descriptions  of  the  princi- 
pal nitro-coloring  matters. 

Picric  Acid.  Para-diortho-trinitrophenol.  Trinitrophenic 
Acid.     C,H,N,0,  =  C,H, 

This  substance,  formerly  called  carbazotic  acid,  is  the  final 
product  of  the  action  of  nitric  acid  on  a  large  number  of  substances 
containing  a  benzene  nucleus,  just  as  oxalic  acid  is  the  result  of 
the  oxidation  of  many  bodies  of  the  fatty  series.  Picric  acid  is 
obtainable  from  indigo,  aloes,  gum-resins,  wool,  silk,  &c.^ 

Picric  acid  was  formerly  prepared  by  the  direct  action  of  nitric 
acid  on  phenol,  but  is  now  made  by  first  dissolving  the  phenol  in 
strong  sulphuric  acid  and  then  acting  on  the  resultant  phenol- 
sulphonic  acid  with  excess  of  nitric  acid.-^  Mono-  or  dinitro-  phenol 
may  result  if  the  action  is  not  carried  sufficiently  far.^  According 

^  The  common  idea  that  the  yellow  color  produced  by  nitric  acid  on  animal  tis- 
sues, such  as  skin,  wool,  etc.,  is  due  to  the  production  of  picric  acid,  is  erroneous; 
it  is  due  to  the  formation  of  xanthoproteic  acid. 

^  Picric  acid  is  now  manufactured  on  a  large  scale  by  mixing  equal  parts  by 
weight  of  crystallized  carbolic  acid  and  concentrated  sulphuric  acid.  This  is 
heated  to  100°  until  a  sample  is  found  to  be  completely  soluble  in  water,  when 
a  double  equivalent  of  nitric  acid  of  1.3  sp.  gr.  is  allowed  to  flow  in,  the  whole 
being  continually  agitated.  In  some  works,  the  phenol-sulphonic  acid,  slightly 
diluted,  is  run  into  strong  nitric  acid.  On  cooling,  the  product  forms  a  crystalline 
mass,  which  is  filtered  off,  drained,  and  washed  with  cold  water.  It  is  then  puri- 
fied by  crystallization  from  boiling  water  containing  0.1  per  cent,  of  sulphuric  acid; 
or  the  hot  solution  of  the  crude  acid  is  exactly  neutralized  with  sodium  carbonate, 
the  liquid  filtered  to  separate  resin,  and  excess  of  sodium  carbonate  added  to  the 
filtrate,  when  almost  the  whole  of  the  sodium  picrate  separates.  This  salt  is  de- 
composed by  sulphuric  or  hydrochloric  acid  and  the  picric  acid  crystallized.  So- 
dium sulphate  is  sometimes  added  before  crystallization,  as  an  adulterant. 

^  The  first  product  of  the  action  of  nitric  acid  on  phenol  is  a  mixture  of  par  a- 
mononitrophenol,  ^114(^2). OH,  with  the  isomeric  ortho-derivative. 
These  bodies  are  best  obtained  by  adding  sufficient  water  to  pure  phenol  to  pre- 
vent it  from  solidifying  on  cooling,  and  then  adding  the  resultant  hydrous  phenol 
drop  by  drop  to  a  well-cooled  mixture  of  two  parts  of  nitric  acid  of  1.34  sp.  gr. 
and  four  parts  of  water.  A  heavy  bromine-like  oil  separates,  and  on  prolonged 
standing  sets  to  a  crystalline  mass.  This  consists  of  a  mixture  of  ortho-  and  para- 
nitrophenol,  with  some  unaltered  phenol.  The  liigher  tlie  temperature  has  been 
allowed  to  rise  the  larger  the  proportion  of  the  ortlio-modification  formed.  The 
product  is  washed  with  cold  water,  and  then  distilled  in  a  current  of  steam,  when 
the  ortho-nitrophenol  dissolves  over,  and  may  thus  be  separated  from  the  para- 
modification,  whicli  is  not  volatile,  and  may  be  obtained  from  the  contents  of  the 
distilling  flask  by  cooling  and  recrystallizing  from  boiling  water. 

A  meta-mononitrophenol  is  obtainable  from  meta-nitraniline  by  the  action  of 
nitrous  acid. 
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to  T.  Whitaker  {Jour.  Soc.  Dyers,  <&c.j  iv.  87),  if  the  sulphuric 
acid  used  for  sulphonation  contain  nitrous  compounds  the  picric 
acid  has  a  brownish  color  instead  of  being  pure  yellow. 

On  warming  the  ortho-mononitrophenol  with  nitric  acid  of  1.3G  sp.  gr.,  violent 
action  ensues  and  another  nitro-group  is  assimilated,  a  product  being  obtained 
which  is  chiefly  a  mixture  of  d i o r t h o-d initrophenol  and  o r t h o-p a r a- 
dinitrophenol,  C6H3(N02)2.0H.  The  product  is  washed  with  cold  water, 
and  then  boiled  with  water  in  a  flask  through  which  a  current  of  steam  is  passed, 
to  remove  unaltered  mononitrophenol.  It  is  then  boiled  with  water  and  excess 
of  barium  carbonate,  and  the  solution  filtered.  On  cooling  to  40°,  the  barium 
salt  of  diortho-dinitrophenol  crystallizes  out,  while  the  corresponding  salts  of 
ortho-para-dinitrophenol  and  picric  acid  remain  in  solution.  A  better  separation 
of  the  barium  salts  of  the  isomeric  dinitrophenols  can  be  obtained  by  rectified 
spirit,  in  which  the  ortho-para-salt  dissolves  with  moderate  ease,  while  the  diortho- 
compound  is  nearly  insoluble.  Salkowski  converts  the  mixed  barium  salts  into 
potassium  salts  by  potassium  carbonate,  and  removes  the  greater  part  of  the  ortho- 
para-salt  by  crystallization ;  then  heats  the  mother-liquor  to  40°-50°  C.  and  pre- 
cipitates with  barium  chloride,  which  throws  down  the  diortho-compound.  This 
is  washed  with  cold  water  and  purified  by  recrystallization.  From  their  salts  the 
dinitrophenols  may  be  obtained  free  by  adding  excess  of  dilute  sulphuric  acid  and 
agitating  with  ether.    The  ethereal  layer  leaves  the  nitrophenol  on  evaporation. 

By  the  action  of  boiling  concentrated  nitric  acid  the  meta-dinitrophenols  are  con- 
verted into  trinitroresorcinol  or  styphnic  acid,  C6H(N02),v (0H)2. 

The  following  table  summarizes  the  properties  of  the  nitrophenols  at  present 
known . — 


Formula. 


CeH4(N03).0H. 
Do. 
Do, 

C6H3(N02)a.0H. 

Do. 
Do. 

Do. 


Do. 

CeH2(N02)3.0H. 


Do. 
Do. 


Name. 


Para-mononitro- 
phenol. 

Meta-mononitro- 
phenol, 

Ortho-mononitro- 

trophenol. 
a-or  Para-ortho 

dinitrophenol. 

3-OT  Diortho-dini- 
trophenol. 
^Dinitrophenol. 

(J-Dinitrophenol. 


f-Dinitrophenol 

a-or  Para-diortho- 
trinitrophenol 
(picric  acid). 

j9-Trinitrophenol. 

'  (from  meta-nitro- 
phenol). 

y-Trinitrophenol. 


Position 
of  the 
NO,  group, 
OH  being  1. 


4 
3 
2 

2:4 

2:6 
3  :  6 

3:4 


2:3 
2:4:6 


3:4:6 
2:3:6 


Melting 
point 
°C. 


114 

96 

45 
114 

64 
104 

134 


144 
122 


117 


Characteristics. 


White  prisms  ;  not  vola- 
tile m  a  current  of 
steam. 

Almost  colorless  prisms 
or  feathery  plates ;  not 
volatile  with  steam. 

Pale  yellow  prisms ;  read- 
ily volatile  with  steam. 

Striated,  yellowish-white 
plates  iinited  in  fern- 
like forms. 

Slender,  short,  bright  yel- 
low needles. 

Slender,  short,  pale  yel- 
low needles ;  volatile 
with  steam. 

Long,  colorless,  silky 
needles ;  not  volatile 
with  steam. 

Small  yellow  needles. 

Pale  yellow  laminae  or 
prisms ;  not  volatile 
with  steam. 

White  satmy  needles  or 


White  peedles. 
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Picric  acid  may  also  be  prepared  by  acting  on  phenol-trisul- 
phonic  acid  with  sodium  nitrate. 

Picric  acid  forms  pale  yellow,  crystalline  needles  or  scales,  of  an 
intensely  bitter  taste  and  1.777  specific  gravity.  The  pure  acid 
melts  at  122°  C.  and  the  common  at  a  lower  temperature,  to  a 
brownish-yellow  oil,  which  at  a  higher  temperature  partially  sub- 
limes, and  boils  with  formation  of  yellow,  bitter,  suffocating 
vapors.  The  lower  melting  point  of  impure  picric  acid  is  probably 
due  to  an  admixture  of  dinitrophenols  or  of  a  nitrocresol.  Hence 
the  melting  point  of  picric  acid  is  a  test  of  its  purity. 

When  strongly  heated,  picric  acid  burns  rapidly  with  formation 
of  an  intensely  black  smoke.  It  is  commonly  stated  to  be  liable  to 
explode  when  strongly  heated,  but  this  is  doubtful,  and  is  opposed 
to  the  direct  experiments  of  D  u  p  r  e  and  Abel.  On  the  other 
hand,  picric  acid  can  be  detonated  by  a  blow,  a  charge  of  5  grains 
of  fulminate  of  mercury  sufficing  to  determine  the  explosion.  The 
detonation  of  one  charge  will  cause  the  detonation  of  neighboring 
quantities,  and  even  wet  picric  acid  can  be  exploded  by  this  means. 
Metallic  picrates,  and  notably  picrate  of  lead,  or  even  an  imper- 
fect mixture  of  picric  acid  with  oxide  or  nitrate  of  lead,  will  deto- 
nate violently  when  heated,  and  the  explosion  will  induce  the 
detonation  of  neighboring  quantities  of  picric  acid  or  picrates. 
Thi^  property  of  the  picrates  has  led  to  their  employment  in  several 
detonating  and  explosive  mixtures^  (see  page  116). 

Picric  acid  is  soluble  in  about  15  parts  of  boiling  water,  but  it 
requires  26  parts  at  76°  and  86  at  15°  C.  The  solution  is 
intensely  bitter,  bright  yellow,  and  reddens  litmus.  In  a  stratum 
one  inch  in  depth,  the  yellow  color  of  a  solution  of  1  part  of  picric 
acid  in  30,000  of  water  is  distinctly  visible.  The  yellow  color  of 
picric  acid  solutions  is  intensified  by  neutralization  with  an  alkali. 
A  cold  aqueous  solution  of  picric  acid  gives  a  copious  precipitate 
on  adding  hydrochloric  acid. 

Picric  acid  is  readily  soluble  in  alcohol,  ether,  chloroform,  ben- 
zene, petroleum  spirit,  etc. ;  the  last  four  solutions  being  colorless 
or  nearly  so.  Such  of  the  above  solvents  as  are  not  miscible  with 
water  remove  picric  acid  more  or  less  perfectly  from  its  aqueous 
solution,  or  that  of  a  picrate  which  has  been  freely  acidulated  with 
sulphuric  acid.  Ether  is  preferable  to  chloroform  for  this  purpose. 
A  solution  of  picric  acid  in  ether  gives  up  the  greater  part  of  its 

*  Several  disastrous  fires  and  explosions  have  occurred  through  the  negligent 
handling  and  storage  of  picric  acid. 


PICRIC  ACID. 


115 


color  to  water,  but  on  adding  sulphuric  acid,  or  still  better,  hydro- 
chloric acid,  the  condition  is  reversed,  the  picric  acid  going  chiefly 
into  the  ether. 

All  the  above  solutions  of  picric  acid,  including  the  aqueous, 
dye  silk,  wool.,  skin,  arfd  other  nitrogenous  organic  matters  a 
yellow  color  of  a  slightly  greenish  shade.  ^  The  stain  is  not  remov- 
able by.  water,  but  soap  or  alkali  partly  destroys  it.  Animal 
charcoal  absorbs  a  large  quantity  of  picric  acid  from  its  aqueous 
solution.^ 

Picric  acid  forms  a  series  of  well-defined  crystallizable  metallic 
salts  and  also  combines  with  organic  bases.  With  certain  hydro- 
carbons it  forms  characteristic  crystalline  compounds  of  the 
formula  X,CeHg(N02)30,  in  which  X  represents  a  molecule  of  the 
hydrocarbon.  The  reaction  has  been  utilized  for  the  purpose  of 
distinguishing  hydrocarbons,  especially  those  of  the  anthracene 
group,  and  the  formation  of  the  naphthalene  and  acridine  picrates 
has  been  suggested  as  a  means  of  identifying  picric  acid. 

Detection  ai^d  Determination  of  Picric  Acid. — The  yellow 
color  and  extremely  bitter  taste  of  the  aqueous  solution  of  picric 
acid,  the  deepening  of  the  yellow  color  on  adding  excess  of  alkali, 
and  the  power  possessed  by  the  solution  of  the  free  acid  of  dyeing 
immersed  wool  or  silk  yellow,  are  themselves  important  indications 
of  its  presence.  In  the  presence  of  other  coloring  or  interfering 
bodies/  the  picric  acid  may  be  extracted  from  the  aqueous  solution 
by  agitation  with  ether  or  amylic  alcohol,  after  strongly  acidulat- 
ing with  sulphuric  acid.  The  picric  acid  may  then  be  recovered 
by  evaporating  the  ethereal  solution,  or  agitating  it  with  solution 
of  caustic  soda,  when  it  will  pass  into  the  alkaline  liquid.  The 
extraction  of  picric  acid  from  an  acidulated  solution  by  ether, 
benzene,  or  amylic  alcohol  may  be  made  quantitative. 

Picric  acid  may  be  titrated  with  ease  and  accuracy  by  standard 
caustic  alkali  and  phenol-phthalein  (P.  Kay,  Jour.  Soc.  Dyers,  &c., 
iv.  84).  The  process  is  applicable  to  the  ethereal  or  benzene  solu- 
tion of  picric  acid  if  this  be  first  diluted  with  alcohol. 

^  Picric  acid  is  used  as  a  dye  for  silk  and  wool,  but  is  employed  to  modify  the 
shades  of  other  colors  rather  than  as  an  mimixed  dye.  Thus  with  methyl-green  it 
gives  a  yellow-green,  with  indigo-carmine  or  aniline-blue  a  deep  green,  and  with 
magenta  a  very  fast  scarlet.  Since  the  introduction  of  the  yellow  azo-dyes  the 
employment  of  picric  acid  has  decreased. 

*  Picric  acid  has  been  used  in  Eczema;  and  it  has  also  been  found  useful  in  the 
treatment  of  burns. 

'  The  dyestuff  Echurin  is  a  mixture  of  picric  acid  and  nitro-flavin. 
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An  aqueous  solution  of  picric  acid  is  not  precipitated  on  adding 
neutral  lead  acetate,  but  basic  or  ammoniacal  lead  acetate  gives  a 
bright  yellow  precipitate  even  with  very  dilute  solutions  of  picric 
acid.^ 

Picric  acid  is  not  precipitated  from  its  aqueous  solution  by 
cupric  sulphate;  but  the  ammonio-sulphate  produces  a  bright  green 
precipitate,  which  is  insoluble  in  ammonia,  and  is  decomposed  by 
washing  with  water.  A  solution  containing  1-10,000  of  picric 
acid  gives  a  distinct  precipitate  with  ammonio-sulphate  of  copper 
in  twenty-four  hours. 

If  a  solution  of  picric  acid  be  treated  with  zinc  and  dilute  sul- 
phuric acid,  a  turbid  yellowish-red  solution  is  obtained,  which, 
when  poured  off  from  the  excess  of  zinc  and  mixed  with  alcohol, 
develops  a  green  color,  changing  through  blue  to  a  violet. 

By  the  action  of  tin  and  hydrochloric  acid  in  a  warm  solu- 
tion, picric  acid  is  completely  reduced  to  the  colorless  hydro- 
chloride of  triamido-phenol,  CgH2(NH2)3.0H.  In  alkaline 
solutions,  the  reduction  does  not  proceed  so  far,  picramicacid, 
C6H2(N02)2(NH2).OH,  being  the  product.  This  reaction  occurs 
most  readily  by  passing  sulphuretted  hydrogen  through  a  saturated 
alcoholic  solution  of  picric  acid  neutralized  with  ammonia.  Dark 
^red  crystals  of  ammonium  picramate  are  deposited,  from  which  the 
free  acid  may  be  prepared  by  dissolving  in  hot  water  and  adding 
acetic  acid.  Picramic  acid  forms  beautiful  red  needles,  almost 
insoluble  in  water  even  when  hot,  but  soluble  in  alcohol  and  ether. 
It  dyes  silk  and  wool  brown.' 

*  If  the  precipitate  be  decomposed  by  dilute  sulphuric  acid,  and  the  filtered  solu- 
tion rendered  ammoniacal  and  evaporated  to  dryness,  a  residue  is  obtained  wliich 
gives  a  deep  brown  color  on  heating  with  potassium  cyanide.  This  behavior  dis- 
tinguishes picric  acid  from  quercitron  and  such  other  vegetable  yellow  coloring 
matters  as  are  precipitated  by  basic  lead  acetate. 

*E.  Turpin  has  patented  (No.  10,665,  1887)  the  use,  as  a  substitute  for  gun- 
powder, of  the  product  resulting  from  the  reduction  of  picric  acid  by  boiling  its 
aqueous  solution  with  metallic  zinc  or  iron.  When  acetic  acid  is  also  added,  pic- 
ramic acid  is  formed,  and  this,  or  its  sodium  salt,  in  admixture  with  nitre,  yields 
a  powerful  detonating  explosive.  Mixtures  containing  from  30  to  50  per  cent,  of 
picramic  acid,  or  25  to  53  of  sodium  picramate,  are  recommended. 

The  nature  of  the  French  explosive  melinite  has  not  been  made  public,  but  its 
Composition  is  not  improbably  indicated  by  that  of  the  foregoing  mixtures;  or 
perhaps  has  a  connection  with  another  patent  of  the  same  inventor  (No.  10,667, 
1887),  who  has  proposed  the  use,  as  explosives,  of  chloro-picrin,  bromo-  chloro- 
and  iodo-dinitrophenols,  bromo-dinitrobenzene,  chloro-trinitrobenzene,  and  tetra- 
nitro-chloronaphthalene. 
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When  a  solution  of  picric  acid  is  boiled  with  a  strong  solution  of 
potassium  cyanide,  a  deep  red  liquid  is  produced/  owing  to  the 
formation  of  potassium  is o-p urpurate,  a  body  which  crys- 
tallizes in  small  reddish-brown  plates  with  a  beetle-green  lustre, 
and  is  shghtly  soluble  in  cold  but  more  readily  in  hot  water.  By 
reaction  wdth  ammonium  chloride,  it  gives  ammonium  iso- 
purpurate,  NH^jCgH^N^Og,  or  artificial  murexide^  which  in  a 
slightly  acid  bath  dyes  silk  and  wool  a  beautiful  brown-red  color. 
It  was  formerly  employed  under  the  name  of  '*grenat  soluble," 
but  is  not  now  used.  On  adding  barium  chloride  to  a  solution  of 
either  of  the  above  salts  a  vermilion-red  precipitate  is  formed,  con- 
sisting of  barium  iso-purpurate.  True  iso-purpuric  acid  is 
very  unstable  and  is  practically  unknown. 

Picric  acid,  when  boiled  with  a  strong  solution  of  calcium  hypo- 
chlorite (bleaching  powder),  gives  off  pungent  and  tear-exciting 
vapors  ofchloropicrin,  CgHgCNOJClg. 

Picric  acid  forms  highly  insoluble  compounds  with  many  of  the 
vegetable  alkaloids,'^  and  the  insolubility  of  the  cinchonine  salt  has" 
been  employed  for  the  determination  of  picric  acid.  A  solution  of 
cinchonine  sulphate  acidulated  with  sulphuric  acid  is  added  to  the 
picric  acid  solution.  The  precipitate  of  picrateof  cinchon- 
ine, C2oH2^N20(CgH3N307)2,  is  washed  with  cold  water,  rinsed  off 
the  filter  into  a  porcelain  crucible  or  dish,  the  water  evaporated  on 
the  water-bath,  and  the  residual  salt  weighed.  The  yellow, 
intensely  bitter  alkaloid,  berberine,  is  said  to  precipitate  picric 
acid  so  perfectly  that,  on  mixing  the  picric  and  alkaloidal  solu- 
tions in  equivalent  proportions  and  filtering,  the  filtrate  is  colorless 
and  perfectly  free  from  bitter  taste. 

Some  of  the  color-bases  from  coal-tar  form  extremely  insoluble 
picrates,  and  have  been  employed  by  Kay  and  Appleyard 
(Jbwr.  Soc.  Dyers,  &c.j  iv.  83)  for  the  determination  of  picric  acid. 
For  this  purpose  they  prefer  the  dye  known  as  night -blue, 
which  is  the  hydrochloride  of  tetramethyltolyltriamido-diphenyl- 
naphthyl-carbinol.    The  commercial  product  is  purified  by  precip- 

^  Aniline  yellow  of  commerce  dissolves  in  water  with  redder  color  than  picric 
acid.  It  is  not  altered  by  potassium  cyanide,  but  is  turned  purple  by  hydrochloric 
acid. 

'  The  cinchona  alkaloids,  the  opium  bases  (except  morphine  and  pseudo-mor- 
phine), the  strychnos  alkaloids,  veratrine,  berberine,  and  some  others,  are  com- 
pletely precipitated  by  picric  acid  from  their  dilute  solutions,  if  acidulated  by 
sulphuric  acid,  but  not  in  presence  of  free  hydrochloric  acid.  Caffeine  and  the 
glucosides  are  not  precipitated  by  picric  acid. 
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itating  the  aqueous  solution  with  ammonia,  washing  well  with 
water,  and  drying  the  precipitate  over  strong  sulphuric  acid.  A 
weighed  quantity  of  the  base  is  dissolved  in  acetic  acid  and  the 
solution  diluted  to  a  known  volume.  For  the  titration,  a  known 
volume  of  the  night-blue  solution  is  measured  into  a  flask,  and  the 
solution  of  picric  acid  run  in  from  a  burette.  485  parts  of  the  night- 
blue  base  correspond  to  229  of  picric  acid,  the  picrate,  which  forms 
a  dark  precipitate,  having  the  formula  C3^H3gN3.CeH,(N02)30H. 
The  picric  acid  solution  should  contain  1  gramme  of  the  sample 
per  litre,  and  by  comparing  the  volume  of  the  solution  used  with 
the  measure  of  a  solution  of  pure  picric  acid  employed  in  a  parallel 
experiment,  the  proportion  of  impurity  may  be  readily  ascertained. 
The  end  of  the  reaction  is  ver}^  sharply  defined,  as  by  tilting  the 
flask  on  one  side,  so  that  a  portion  of  the  clear  liquid  may  run  into 
the  neck,  it  is  easy  to  observe  whether  the  solution  retains  any 
blue  color.  A  very  slight  excess  of  picric  acid  is  sufficient  to  pro- 
duce a  marked  yellow  tint.  If  desired,  a  portion  of  the  liquid 
may  be  filtered  for  the  better  observation  of  its  color,  but  this  is 
rarely  necessary. 

Crystalviolet,  the  hydrochloride  of  hexamethyl-rosaniline, 
may  be  substituted  for  the  night-blue  in  the  above  process. 
443. 5  parts  of  this  coloring  matter,  when  dissolved  in  water,  react 
with  229  parts  of  pure  picric  acid  to  form  a  picrate  of  the  formula 
C25H3iN3.CgH2(N02)30H.  This  precipitate  is  flocculent,  and  when 
in  suspension  exhibits  such  a  powerful  coppery  reflex  that  the 
liquid  containing  it  appears  brown  by  reflected  light. 

The  picrates  of  rosaniline,  safranine,  methyl-violet,  methylene- 
blue,  and  malachite-green,  are  also  nearly  insoluble  in  water,  but 
iK)t  sufficiently  so  to  render  the  bases  desirable  substitutes  for 
night-blue  or  crystal- violet  in  the  above  process. 

Of  the  compounds  of  picric  acid  with  solid  hydrocarbons,  that 
wdth  naphthalene,  CjoHg  +  CgH3(N02)30,  is  almost  the  only 
one  precipitated  when  the  cold  alcohol  solution  of  the  hydrocarbon 
is  mixed  with  a  cold  alcoholic  solution  of  picric  acid.  It  forms 
stellate  groups  of  golden-yellow  needles,  melting  at  149°  C.  The 
formation  of  naphthalene  picrate  may  be  employed  to  distinguish 
picric  acid  from  similar  nitro-compounds. 

Acridine  has  been  suggested  by  Anschiitz  {Jour.  Soc,  Chem. 
Ind.j  in.  234)  as  a  suitable  reagent  for  the  determination  of  picric 
acid,  the  hydrochloride  being  used  as  a  precipitant  for  metallic 
picrates  nnd  a  solution  of  the  free  base  in  benzene  for  the  picric 
acid  compounds  of  hydrocarbons. 
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Picric  acid  has  been  used  occasionally  to  communicate  a  bitter 
taste  to  beer,  less  than  1  grain  per  gallon  being  amply  sufficient 
for  this  purpose.  The  employment  of  picric  acid  as  a  hop- 
substitute "  is  objectionable,  as  it  has  distinct  poisonous  properties, 
and  rabbits  and  dogs  have  been  killed  by  doses  varying  from  0.06 
to  0.60  gramme.  The  most  dehcate  and  satisfactory  method  for 
the  detection  of  picric  acid  in  beer  is  to  concentrate  100  c.c.  by 
evaporation  to  about  30  c.c;  then  acidulate  with  sulphuric  acid 
and  agitate  with  ether  or  petroleum  spirit.  The  ethereal  solution 
is  separated  and  evaporated.  The  residue  is  dissolved  in  hot 
water  and  the  solution  heated  on  the  water-bath  for  some  time 
with  a  small  quantity  of  white  Berlin  wool,  which  in  presence  of 
picric  acid  will  acquire  a  yellow  color.  The  author  has  readily 
detected  1  part  of  picric  acid  in  100,000  of  beer  by  this  method. 
Amylic  alcohol  has  been  proposed  as  a  substitute  for  ether,  but,  in 
the  opinion  of  the  author,  is  not  so  satisfactory.  By  first  precipi- 
tating the  beer  with  neutral  acetate  of  lead  and  filtering,  the 
coloring  matter  of  the  beer  may  be  removed  and  the  indications 
made  more  delicate.  As  a  confirmation,  the  dye  may  be  removed 
from  the  wool  by  warming  it  with  dilute  ammonia,  filtering,  and 
evaporating  the  filtrate  to  a  very  small  bulk  on  the  water- bath. 
On  then  adding  a  few  drops  of  potassium  cyanide  solution,  and 
heating,  a  distinct  red-brown  color  will  be  produced  in  presence  of 
picric  acid;  ^  or  the  ammoniacal  extract  may  be  treated  with  zinc 
and  hydrochloric  acid  and  the  solution  diluted  with  alcohol,  as 
described  on  page  116. 

It  is  evident  that  the  method  just  described  is  applicable  to  the 
detection  of  picric  acid  on  animal  fibres,  such  as  silk  or  wool. 

Commercial  Picric  Acid. 

The  picric  acid  of  commerce  is  generally  crystallized.  Though 
now  of  much  better  quality  than  formerly,  it  is  still  liable  to  con- 
tain impurities,  and  occasionally  is  intentionally  adulterated. 
Thus  sodium  sulphate  is  sometimes  added  before  crystallization, 
and  oxalic  acid  and  sugar  are  said  to  be  occasionally  met  with. 

The  melting  point  of  pure  picric  acid  is  122°  C,  and  the 
best  commercial  samples  do  not  melt  below  121°.  A  lower  melt- 
ing point  indicates  the  presence  of  dinitrophenol  or  a  nitrocresol. 
The  first  impurity  is  due  to  imperfect  nitrification  and  the  latter 
to  the  employment  of  a  picric  acid  of  low  melting  point  (there- 

'  A  rough  colorimetric  determination  of  the  amount  of  picric  acid  present  may 
be  based  on  the  depth  of  color  produced. 
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fore  containing  cresol)  for  the  manufacture.  The  melting  point  of 
picric  acid  is  best  observed  by  placing  a  minute  fragment  of  the 
sample  on  the  surface  of  some  clean  mercury  contained  in  a  porce- 
lain crucible  or  small  beaker.  The  latter  is  covered  with  an 
inverted  funnel  or  bottomless  flask,  through  the  neck  of  which  a 
thermometer  passes  and  is  held  by  a  perforated  cork  in  such  a 
position  that  the  bulb  may  be  entirely  inmiersed  in  the  mercury, 
without  touching  the  side  or  bottom  of  the  beaker  or  crucible. 
The  latter  is  now  heated  on  an  iron  plate,  and  the  temperature  at 
which  the  fragment  of  picric  acid  liquefies  recorded  as  the  melting 
point.  By  employing  several  fragments  and  repeating  the  experi- 
ment after  allowing  the  mercury  to  cool  a  few  degrees,  very  fairly 
concordant  results  are  obtainable. 

More  rapid,  and  for  technical  purposes  quite  as  satisfactory, 
results  are  obtainable  by  determining  the  solidifying  point 
of  the  sample.  This  is  effected  by  melting  8  or  10  grammes  of 
the  picric  acid  in  a  small  test-tube,  which  is  then  fixed  by  means 
of  a  perforated  cork  in  the  mouth  of  an  empty,  short-necked  flask. 
The  melted  picric  acid  is  continually  stirred  with  a  thermometer, 
while  the  temperature  is  carefully  watched.  At  a  certain  point  the 
mercury  ceases  to  fall,  remaining  stationary  for  fully  half  a  minute, 
or  even  rising  again  slightly.  This  temperature,  which  is  perfectly 
definite,  is  recorded  as  the  solidifying  point  of  the  sample. 

The  following  figures,  obtained  in  the  author's  laboratory  by  the 
examination  of  six  samples  of  commercial  picric  acid,  show  the 
constancy  of  the  results  yielded.  It  will  be  observed  that,  while 
the  solidifying  point  is  always  several  degrees  lower  than  the 
melting  point  of  the  same  sample,  the  difference  between  the  two 
results  is  not  a  constant  figure: — 


Sample. 

Melting  Point  °  C. 

Solidifying  Point  °  C. 

Observations. 

Mean. 

A 

122,  122 

115,  115,  115.5,  115,  115. 

115.1 

B 

118,  118 

114,  113,  112,  113,  113.5,  113,  113. 

113.1 

C 

121,  121 

115.5,  116,  115. 

115.5 

I) 

]20,  119 

114.5,  114.5. 

114.5 

E 

117.5,  117.5 

113.5,  112.5. 

113.0 

F 

122,  122 

117, 117, 118, 118, 118, 117, 118, 118, 118. 
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Picric  acid  of  good  quality  does  not  melt  when  boiled  with  twice 
its  weight  of  water.  If  fusion  occur,  it  is  probably  due  to  the 
presence  of  nitrocresols,  which  for  some  purposes  are  objectionable. 

The  best  commercial  picric  acid  is  completely  soluble  in  15 
times  its  weight  of  boiling  water,  or  leaves  only  a  trifling  quantity 
(0.5  per  cent. )  of  granular  impurity.  Picric  acid  of  inferior  quality 
leaves  a  melted  globule  when  similarly  treated.  The  scientific  ad- 
visers of  the  French  Government  call  this  insoluble  matter  "dini- 
trophenol"  (!),  apparently  without  any  evidence  of  its  nature, 
and  reject,  as  unsuited  for  the  manufacture  of  melinite,  all  picric 
acid  which  leaves  a  globule  amounting  to  more  than  1  per  cent,  of 
the  sample.  The  test  is  made  by  treating  10  grammes  of  the  acid 
with  150  c.c.  of  water,  and  heating  the  liquid  to  boiling  in  a  flask 
with  gentle  agitation,  till  the  globule  of  insoluble  matter  becomes 
transparent  and  ceases  to  diminish  perceptibly  in  bulk.  This 
point  is  reached  in  about  ten  minutes  from  the  commencement  of 
ebullition.  The  test  must  not  be  much  prolonged,  or  the  so-called 
* '  insoluble  matter ' '  will  partly  dissolve.  The  critical  point  is  by 
no  means  well  defined,  though  with  care  and  experience  fairly  con- 
cordant results  are  obtainable  with  some  samples,  while  others  be- 
have very  erratically.  When  the  operation  is  considered  to  be 
complete,  the  liquid  is  allowed  to  cool  slightly  and  poured  off 
from  the  globule  of  dinitrophenol,"  which  is  then  washed  with 
cold  water,  dried  by  means  of  filter-paper,  and  weighed. 

Any  resinous  matters  will  also  be  left  insoluble  on  dissolving 
commercial  picric  acid  in  boiling  water.  The  separation  will  be 
more  perfect  if  the  hot  solution  be  exactly  neutralized  with  caustic 
soda. 

Besides  being  soluble  in  15  parts  of  boiling  water,  picric  acid  of 
good  quahty  dissolves  completely  in  10  parts  of  alcohol,  while  any 
metallic  sulphates  or  nitrates  will  be  left  insoluble. 

General  impurities  and  adidterations  may  be  detected  and  deter- 
mined by  treating  2  grammes  of  the  finely-powdered  sample  with 
50  c.c.  of  ether.  The  picric  acid  dissolves,  while  any  picrates, 
nitrates,  oxalic  acid,  boric  acid,  sodium  sulphate,  alum,  sugar, 
etc.,  will  be  left  insoluble,  and,  after  removal  of  the  ethereal 
liquid,  may  be  readily  identified  and  determined.  For  the  detec- 
tion and  determination  of  water  and  oxalic  acid,  50  c.  c.  of  warm 
benzene  may  be  advantageously  substituted  for  the  ether.  Sugar 
and  boric  acid  may  be  separated  from  the  other  impurities  by 
treating  the  residue  insoluble  in  ether  or  benzene  with  rectified 
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spirit.  If  boric  acid  be  present  the  alcoholic  solution  will  burn  with 
a  green  flame.  Sugar  may  also  be  sought  for  by  neutralizing  the 
aqueous  solution  of  the  sample  by  sodium  carbonate,  evaporating 
to  dryness,  and  extracting  with  proof-spirit,  which  will  dissolve 
any  sugar  and  leave  the  sodium  picrate  insoluble. 

Sulphuric,  hydrochloric,  and  oxalic  acids,  and  their  salts,  may  be 
detected  by  adding  solutions  of  barium,  silver,  and  calcium, 
respectively,  to  the  warm,  filtered,  aqueous  solution  of  the  sample. 
0.2  per  cent,  of  SO3,  as  estimated  by  precipitation  as  barium  sul- 
phate, is  the  maximum  proportion  allowed  by  the  French  Govern- 
ment in  picric  acid  intended  for  the  manufacture  of  melinite. 
Free  sulphuric  acid  might  be  detected  by  dissolving  the  sample  in 
warm  benzene,  agitating  the  solution  with,  warm  water,  removing 
the  benzene  layer,  and  again  agitating  the  aqueous  liquid  with 
benzene,  till  all  yellow  color  is  removed.  On  then  titrating  the 
aqueous  liquid  with  standard  alkali,  the  volume  required  for 
neutralization  will  correspond  to  the  free  sulphuric  or  other 
mineral  acid  of  the  sample. 

It  is  possible  that  commercial  picric  acid  occasionally  contains  a 
nitrophenol-sulphonic  acid.  Such  an  impurity  would  be  indicated 
by  the  presence  of  sulphates  in  the  residue  obtained  on  igniting 
the  sample  after  neutralization  with  a  fixed  alkali.  The  explosive 
character  of  the  picrates  prevents  the  direct  application  of  this 
method,  but  ignition  of  the  picric  acid  in  admixture  with  a  large 
excess  of  lime  or  magnesia  would  probably  answer,  or  the  sample 
might  be  dissolved  in  alcohol  together  with  some  ammonium  car- 
bonate, and  the  alcohol  burnt  in  a  lamp  connected  with  an  appa- 
ratus similar  to  that  employed  for  determining  the  proportion  of 
sulphur  in  coal-gas.    (See  Analyst,  xiii.  43.) 

If  the  process  of  nitrification  has  been  imperfect,  the  resultant 
picric  acid  will  be  liable  to  contain  dinitrophenol  (see  above).  This 
impurity  lowers  the  melting  point  of  the  sample.  The  calcium 
salt  is  less  soluble  than  calcium  picrate,  and  if  present  in  sufficient 
quantity  may  be  separated  from  the  latter  by  fractional  crystaUiz- 
ation,  or  by  precipitating  the  hot  saturated  aqueous  solution  of  the 
sample  with  excess  of  lime-water. 

The  most  promising,  if  not  the  only  method  of  determining 
small  proportions  of  dinitrophenol  in  picric  acid  is  by  treating 
the  aqueous  solution  of  the  sample  with  bromine,  as  proposed  by 
the  author  {Jour.  Soc.  Dyers,  (kc,  iv.  84).  With  dinitrophenol 
the    following    reaction    occurs:— C6H3(N02)20H  +  Br^  =  HBr  + 
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C6H2Br(N02)20H.  With  picric  acid,  bromine  reacts  as  follows: — 
C,H,(N0,)30H  +  Br,  =  HBr  +  HNO3  +  CeH,Br(NO,),OH.^  In 
each  case  two  atoms  of  bromine  enter  into  the  reaction,  with  for- 
mation of  a  bromo-dinitrophenol  (the  same  in  each  case)  and  one 
molecule  of  hydrobromic  acid.  But  in  the  case  of  i)icric  acid 
nitric  acid  is  formed  in  addition,  and  hence  the  acidity  of  the 
liquid  at  the  end  of  the  reaction  would  be  greater  the  larger  the 
proportion  of  picric  acid  present.  If  the  bromo-dinitrophenol  and 
excess  of  bromine^  were  removed  by  agitation  with  ether  or 
similar  solvent,  the  acidity  of  the  aqueous  liquid  could  be  ascer- 
tained with  great  accuracy  by  titration  with  standard  alkali. 

The  author  found  the  reaction  between  bromine  and  dinitro- 
phenol  to  occur  instantaneousl}^,  but  in  the  case  of  picric  acid  it 
was  gradual.  In  twelve  hours  it  was  complete,  but  in  the  course 
of  a  few  minutes  almost  nothing.  This  fact  enables  the  reaction 
with  bromine  to  be  utilized  for  the  direct  determination  of  the 
dinitrophenol,  instead  of  for  its  indirect  estimation  (by  determin- 
ing the  picric  acid),  as  when  the  acidity  is  ascertained.  The  fol- 
lowing method  of  operating  was  found  by  the  author  to  be  the 
most  satisfactory: — 1  gramme  of  the  sample  of  picric  acid  is  dis- 
solved in  about  100  c.c.  of  warm  water.  A  saturated  solution  of 
bromine  in  water  is  diluted  with  twice  its  measure  of  water  in  a 
large  tapped  and  stoppered  separator,  and  from  this  run  into  a 
Mohr's  burette.  From  this  burette,  a  definite  volume  of  the 
bromine  solution,  which  is  approximately  of  1  per  cent,  strength, 
is  run  into  a  flask  and  an  equal  measure  into  another  similar 
flask,  both  of  which  are  immediately  closed.  The  picric  acid 
solution  is  then  poured  into  one  of  the  flasks,  the  last  drops  rinsed 
in  without  delay,  and  then  an  excess  of  a  solution  of  potassium 
iodide  at  once  added  to  the  contents  of  both  flasks.  The  liberated 
iodine  is  then  determined  by  titration  with  a  decinormal  solution 
of  sodium  thiosulphate  (hyposulphite)  in  the  usual  way.^  From 
the  difference  in  the  volume  of  the  solution  required  in  the  two 
experiments  the  amount  of  bromine  which  has  reacted  with  the 
dinitrophenol  is  easily  found.    Dinitrophenol  reacts  with  86. 96  per 

^See  footnote  on  page  116,  referring  to  bromo-dinitrophenol  as  an  explosive. 

^If  preferred,  before  extracting  with  ether  the  excess  of  bromine  may  be  got  rid 
of  by  adding  potassium  iodide  and  then  sufficient  sodium  thiosulphate  to  react 
with  the  iodine  liberated. 

'The  author  found  iodine  to  be  wholly  without  action  on  solutions  of  either 
mono-,  di-,  or  tri-nitrophenol. 
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cent,  of  bromine,  taking  up  43.48  per  cent.  Mononitrophenol,  if 
present,  which  is  improbable,  would  react  with  230.2  per  cent, 
of  bromine,  taking  up  115.1  per  cent,  to  form  the  compound 
CgH2Br2(N02).OH.  The  author  has  verified  these  reactions  by 
experiments  on  specially  prepared  mono-  and  dinitrophenol. 
When  the  process  is  applied  to  commercial  picric  acid  the  results 
are  liable  to  be  somewhat  in  excess  of  the  truth,  owing  to  slight 
action  of  the  bromine  on  the  picric  acid  itself. 

Commercial  picric  acid  often  contains  particles  of  a  red  color 
These  are  often  attributed  to  the  presence  of  dinitrophenol,  but 
from  an  observation  of  T.  Whitaker  {Jour.  Soc.  Dyers,  etc. ,  iv. 
87)  it  is  not  improbable  that  they  consist  of  a  nitrosophenol 

A  method  for  the  detection  of  picric  acid  is  given  by  A. 
Ryniska  (Zeit.  Anal.  Chem.,  1897,  813).  The  substance  is 
macerated  for  several  hours  with  water,  acidified  with  sulphuric 
acid,  then  mixed  with  three  volumes  of  95  per  cent,  alcohol,  and 
digested  for  24  hours  at  50-60°  C.  After  filtration  and  evapora- 
tion of  the  alcohol,  any  fat  is  removed  by  shaking  with  light 
petroleum,  and  the  liquid  is  then  acidified  with  hydrochloric  acid 
and  shaken  repeatedly  with  ether.  Urine,  which  in  cases  of 
poisoning  with  picric  acid  is  always  colored  reddish-brown  by  the 
presence  of  picramic  acid,  may  be  extracted  with  ether  after  simply 
acidifying.  The  residue  obtained  by  evaporating  the  ether  is  then 
tested  for  picric  acid  by  (1)  the  isopurpuric  reaction  (blood-red 
color  on  warming  with  potassium  cyanide  and  soda);  (2)  the 
picramic  acid  reaction  (blood-red  color  on  heating  with  soda  and 
grape-sugar),  or,  better  (3)  soda  and  sodium  sulphide;  (4)  am- 
moniacal  copper  solution  (yellow-green  crystals  which  polarize 
light);  and  (5)  by  dyeing  white  wool.  The  limit  of  sensitiveness 
of  the  five  reactions  is  1:5000,  1:7000,  1:12500,  1:80000,  and 
1:110000  respectively.  Reactions  (2)  and  (5)  are  less  sensitive 
in  presence  of  fats  and  other  substances. 

Metallic  Picrates. 

As  a  rule,  the  picrates  are  possessed  of  but  little  solubility. 
They  are  yellow  in  color,  and  crystallize  well.  Many  of  them 
explode  violently  when  heated  or  struck,  and  hence  they  are 
employed  in  admixture  with  metallic  chlorates  or  nitrates  for  the 
blasting  charge  of  shells.    (See  footnote  on  page  116.) 

Potassium  picrate,  CgH2(N02)3.0K,  forms  long  yellow  needles 
when  a  strong  solution  of  picric  acid  is  neutralized  by  carbonate  or 
hydroxide  of  potassium.    The  salt  requires  288  of  cold  or  14  parts 
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of  boiling  water  for  solution,  and  in  alcohol  is  nearly  insoluble. 
The  aqueous  solution  is  much  more  strongly  colored  than  a  solu- 
tion of  free  picric  acid  of  corresponding  strength.  W)ien  heated, 
potassium  picrate  becomes  red  and  explodes  like  gunpowder,  and 
when  strongly  struck  it  detonates  violently. 

Sodium  picrate  is  readily  soluble  in  pure  water,  but  nearly  in- 
soluble in  solution  of  carbonate  of  sodium  or  caustic  soda. 

Ammonium  picrate  crystallizes  in  rhombic  scales  which  are  some- 
what more  soluble  than  the  potassium  salt.  It  has  been  suggested 
for  use  as  an  antipyretic. 

Lead  picrate  crystallizes  in  brown  needles  soluble  in  119  parts 
of  cold  water.  In  admixture  with  nitre  it  is  employed  as  an  ex- 
plosive. A  rough  mixture  of  picric  acid  with  red  lead  or  litharge 
detonates  violently  when  strongly  struck.^ 

Nitrosamine  Red^  is  a  dyestuff  which  has  but  lately  been 
introduced.  It  is  made  by  treating  the  chloride  of  para-nitro- 
diazobenzene  with  caustic  soda.  Its  constitution  •  has  not  been 
exactly  determined,  but  it  evidently  conforms  to  one  of  two  for- 
mulae, as  is  shown  by  the  following  diagrams.    It  may  be  either: 


NO, 


NO. 

or 


^<N?  \yN  =  N.ONa 


The  first  is  a  nitro-nitroso-compound,  whereas  the  second  is  a 
true  diazo-derivative.  Its  method  of  formation  tends  to  the 
adoption  of  the  second  formula  as  the  one  most  probably  correct, 
Nitrosamine  red  comes  into  commerce  in  the  form  of  a  yellow 
paste,  which  forms  a  yellow  solution  with  water.  On  the  addition 
of  acids  to  the  aqueous  solution  the  free  paranitrophenyl  nitrosa- 
mine is  precipitated.  The  latter  is  gradually  converted  by  an 
excess  of  acid  into  a  salt  of  a  diazo-derivative  of  nitro-benzene. 
Nitrosamine  red  dyes  wool  a  clear  yellow;  and  is  dyed  on  cotton 
with  beta-naphthol,  giving  brilliant  red  shades  (paranitraniline 
red). 

The  Mikado   Golden    Yellows  or  Direct   Yellows  are 

condensation  products  of  para-nitrotoluol  sulphonic  acid  and 

*  This  appears  to  be  the  essential  constituent  of  the  new  explosive  lyddite,  so  ex- 
tensively used  by  the  British  army. 
Ber.  xxvii.  p.  514. 
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caustic  soda  with  hydrochloric,  hydrobromic,  or  nitric  acids.* 
They  occur  in  the  form  of  yellow  powders,  yielding  a  yellow  solu- 
tion in  water,  and  are  insoluble  in  alcohol.  The  addition  of 
sodium  hydrate  to  the  aqueous  solutions  produces  a  yellow  preci- 
pitate, whereas  hydrochloric  acid  gives  a  brown  color.  Strong 
sulphuric  acid  dissolves  the  dyestuff  with  an  orange  color,  which 
changes  to  yellow  on  dilution  with  water.  These  dyestuffs  yield 
very  fast  colors  on  cotton,  which  fibre  they  dye  directly.  The 
shades  produced  are  very  bright  yellows  which  possess  good  fast- 
ness to  washing,  acids  and  alkalies,  and  are  fairly  fast  to  light. 
These  dyestuffs  may  also  be  employed  for  dyeing  animal  fibres, 
being  dyed  from  a  neutral  or  slightly  acid  bath.  The  shades  pro- 
duced are  fast  to  washing  but  are  considerably  altered  by  both 
acids  and  alkalies. 

Nitrophenol-sulphonic  Acid. 

The  mono-  and  dinitro-derivatives  of  phenol  are,  like  phenol 
itself,  acted  on  by  strong  sulphuric  acid  with  formation  of  s  u  1  - 
phonic  acids.  If  a  mono-nitrophenol  be  sulphonated,  the 
product  can  be  converted  into  a  dinitrophenol-sulphonic  acid  by 
careful  nitrification,  but  if  the  treatment  with  nitric  acid  be 
pushed  to  an  extreme  the  product  is  invariably  picric  acid,  the 
sulphonic  group  being  eliminated. 

The  sulphonated  nitrophenols  furnish  two  classes  of  salts: — 
normal  salts  in  which  only  the  liydrogen  of  the  sulpho-group  is 
replaced  by  metals,  and  basic  salts  in  which  the  hydrogen  of  the 
hydroxyl  group  is  also  replaced.  The  former  salts  are  yellow,  but 
the  latter  are  red,  and  often  of  great  beauty. 

Nitrocresols. 

When  the  mixture  of  isomeric  cresols,  C6H4(CH3).OH,  from 
coal-tar,  forming  the  fraction  of  the  phenolic  bodies  boiling  at 
about  200°  C,  is  treated  with  nitric  acid,  the  orthocresol  and 
paracresol  are  converted  respectively  into  dinitro-ortho- 
cresol  and  dinitro-paracresol,  respectively.  The  meta- 
cresol,  which  is  the  most  abundant  of  the  isomeric  cresols,  is,  on 
the  other  hand,  converted  into  trinitro-metacresol,  melting 
at  160°  The  isomeric  dinitrocresols  can  be  separated  by  taking 
advantage  of  the  difference  in  the  solubility  of  their  barium  salts. 
They  may  also  be  obtained  by  acting  on  the  corresponding  tolui- 

^Ber.  xxvi.,  p.  2234. 
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dines  in  ice-cold  hydrochloric  acid  solution  with  sodium  nitrite, 
when  diazotoluene  chloride,  CgH4(CH3)N: NCI,  is  formed, 
and  if  this  be  poured  into  hot  nitric  acid  the  dinitrocresol  is 
formed,  and  crystallizes  out  on  cooling. 

DiNiTROCRESOLS,  CgH2(CH3)  (NOJg- OH,  in  their  physical  and 
general  properties  closely  resemble  picric  acid,  but  are  volatile  and 
more  readily  explosive.^  The  salts  of  dinitro-orthocresol  are  gen- 
erally yellow;  but  those  of  the  para-compound  are  usually  red,  and 
soluble  in  water  with  more  or  less  orange  color. 

Victoria  Yellow  is  a  mixture  of  the  sodium  salts  of  dinitro- 
ortho-  and  dinitro-para-cresol,  CgH2(CH3)(N02)2-ONa. 

The  dinitrocresylates  form  soluble  reddish-yellow  powders  which 
dissolve  in  strong  sulphuric  acid  with  a  pale  yellow  color.  They  are 
violently  explosive  in  a  dry  state.  The  dinitrocresylates  closely 
resemble  the  picrates,  but  on  adding  hydrochloric  acid  to  the  cold 
aqueous  solution  the  liquid  is  decolorized ;  or  if  sufficiently  concen- 
trated, yields  a  precipitate  of  free  dinitrocresol  in  pale  yellow 
needles,  and  the  liquid  obtained  on  filtering  in  the  cold  is  color- 
less, whereas  that  yielded  by  a  picrate  has  a  marked  yellow  color. 
Similarly,  hydrochloric  acid  decolorizes  a  tissue  dyed  with  a  dini- 
trocresylate,  the  yellow  color  being  restored  by  washing.  Warm 
water  removes  Victoria  yellow  from  the  fibre,  and  the  solution  is 
decolorized  by  hydrochloric  acid  as  described  above. 

Solutions  of  Victoria  yellow  are  unchanged  by  caustic  soda  and 
ammonia,  but  on  boiling  with  potassium  cyanide  yield  a  brown- 
red  liquid  similar  to  that  produced  with  picric  acid. 

According  to  H.  Fleck,  dinitrocresol  and  its  salts  can  be  dis- 
tinguished from  picric  acid  by  warming  the  concentrated  solution 
for  a  few  minutes  with  hydrochloric  acid,  and  then  adding  a 
fragment  of  metallic  zinc.  After  standing  in  the  cold  from  half 
an  hour  to  two  hours,  the  liquid  will  become  a  beautiful  blue  if 
picric  acid  be  present,  or  a  bright  blood-red  with  dinitrocresol. 
Mere  traces  of  these  coloring  matters  are  said  to  be  recognizable  by 
the  test.    In  examining  farinaceous  foods  for  dinitrocresol,  etc., 

^A.  Ryniska  (Zeit.  Anal.  Chem.,  1897,  813)  gives  the  folloAving  tests  to  dis- 
tinguish picric  acid  from  dinitrocresol  (saffron  substitute).  When  reduced  with 
stannous  chloride  and  liydrochloric  acid,  potassium  dinitrocresol  gives  a  cherry- 
red  color  with  ammonia;  picric  acid  a  brownish-red.  Reduced  with  zinc  and 
hydrochloric  acid,  the  former  gives  a  bright  red  color  which  disappears  on  stand- 
ing. Picric  acid  gives  at  first  a  blue  color  and  finally  a  brownish-green,  which 
remains  unaltered. 
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the  substance  should  be  exhausted  with  alcohol,  and  the  test 
applied  to  the  residue  obtained. 

The  salts  of  dinitrocresol  are  very  irritating  as  well  as  fugitive, 
and  hence  are  not  now  used  as  dyes.^ 

The  salts  of  dinitrocresol  have  been  employed,  under  the  name 
of  "saffron-surrogate,"  for  coloring  butter,  cheese,  macaroni,  etc. 
For  this  purpose  they  are  very  ill-suited,  as  they  have  distinct 
poisonous  properties.  T.  Wey  1  (5er.,  xx.  2835;  xxi.  212)  found 
that  doses  of  0.054  gramme  for  every  kilogramme  in  weight  of  the 
animal  experimented  upon,  suspended  in  milk  or  water  and  poured 
directly  into  the  stomach,  in  the  case  of  dogs  produced  vomiting 
followed  by  difficulty  of  breathing,  and  finally  severe  cramp  in  the 
extremities,  the  majority  of  cases  terminating  fatally ;  Adminis- 
tered to  rabbits,  in  doses  of  0.54  gramme  per  kilogramme,  dinitro- 
cresol caused  convulsions,  paralysis  of  the  pupil,  and  great  diffi- 
culty in  breathing,  death  ensuing  from  suffocation  in  twenty  to 
thirty  minutes. 

Nitronaphthols. 

The  two  modifications  ofnaphthol,  CjoH^.OH,  yield  on  nitri- 
fication bodies  analogous  to  those  obtained  by  similar  means  from 
phenol  and  cresol.  The  dinitro-derivative  of  alpha- 
naphtholis  the  most  important. 

DiNiTROALPHANAPHTHOL,  CioH5(N02)2.  OH,  is  obtained  from 
a-naphthylamine,  a-CjoH^.NHg,  by  converting  it  into  the  diazo- 
chloride,  which  on  treatment  with  nitric  acid  yields  the  corres- 
ponding dinitronaphthol.  It  may  also  be  obtained  by  dissolving 
a-naphthol  in  concentrated  sulphuric  acid,  diluting  the  resulting 
sulphonic  acid  with  water,  adding  nitric  acid,  and  heating  gently, 
when  the  dinitro-derivative  is  deposited  in  minute  yellow  needles. 
The  product  may  be  purified  by  converting  it  into  its  calcium  or 
ammonium  salt,  which  after  recrystallization  is  decomposed  by  an 
acid. 

Dinitronaphthol  forms  yellow  needles,  melting  at  188°  C,  and 
somewhat  readily  volatile.  It  is  nearly  insoluble  in  water,  but 
soluble  in  alcohol  and  ether.  It  closely  resembles  picric  acid,  and 
forms  a  series  of  beautiful  and  well-crystallized  salts  yielding  golden 
yellow  solutions,  which  are  decolorized  by  hydrochloric  acid,  a 

*  Victoria  yellow  is  also  to  be  met  with  under  the  names  of  English  yelloWf 
Victoria  orange,  and  aniline  orange.  These  are  acid  dyestuffs,  but  are  no  longer 
r.ocd  to  any  extent  as  they  are  very  fugitive  and  not  at  all  fast  to  washing. 
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yellowish-white  precipitate  of  the  free  acid  being  produced,  soluble 
in  ether.  Ammonia  is  without  action.  Caustic  potash  and  soda 
produce  orange-red  precipitates  in  strong  solutions.  Potassium 
cyanide  and  ammonium  sulphide  react  as  with  picric  acid. 

The  sodium  salt  of  dinitronaphthol  forms  readily  soluble  glitter- 
ing needles  containing  CioH5(N02)2.0Na  +  Hp,  and  deflagrates 
when  heated.  The  ammonium  salt  burns  off  quietly  when  heated, 
and  is  soluble  in  alcohol.  The  calcium  salt  forms  yellowish-red 
crystals  of  the  formula  [CioH^CNO^XOJ.Ca  +  QHfi. 

The  potassium,  sodium,  ammonium,  and  calcium  salts  of  dini- 
tronaphthol have  been  extensively  employed  as  coloring  matters 
under  the  name  of 

Naphthol  Yellow ;  Naphthalene  Yellow;  Manchester  Yel- 
low; Martius'  Yellow;  Gold  Yellow.  This  dyestuff  occurs  as  an 
orange  powder  or  crystal,  but  sparingly  soluble  in  water,  though 
readily  soluble  in  alcohol.  On  the  addition  of  hydrochloric  acid 
to  the  aqueous  solution  dinitro-alpha-naphthol  is  liberated  as  a 
light  yellow  precipitate.  Sulphuric  acid  gives  a  yellow  solution 
in  which  a  light  yellow  precipitate  is  found  on  dilution  with  water. 
In  an  acid  bath  this  body  dyes  silk  and  wool  (but  not  cotton)  a 
brilliant  yellow  color,  free  from  the  greenish  reflection  peculiar  to 
fabrics  dyed  with  picric  acid.  Owing  to  the  volatility  of  dinitro- 
naphthol (which  is  liberated  by  the  acid  of  the  bath),  the  color 
marks  and  rubs  off,  and  hence  the  employment  of  naphthalene 
yellow  as  a  dye  has  much  diminished. 

Naphthol  yellow  is  very  commonly  adulterated  with  dextrin  and 
sodium  sulphate,  the  proportion  of  the  latter  admixture  sometimes 
reaching  50  per  cent.  It  is  sometimes  adulterated  with  picric  acid, 
to  detect  which  a  sample  should  be  dissolved  in  water,  the  cold 
solution  acidulated  freely  with  hydrochloric  acid,  and  the  liquid 
filtered.  If  picric  acid  be  present  the  filtrate  will  have  a  marked 
yellow  color,  and  the  acid  can  be  obtained  in  crystals  by  evapora- 
tion. 

Naphthol  yellow  may  be  distinguished  from  picric  acid  by  boil- 
ing wool  in  the  acidified  solution,  washing  it,  heating  it  with  am- 
monio-sulphate  of  copper,  and  again  washing.  When  a  fibre  or 
fabric  dyed  with  picric  acid  is  boiled  with  the  alkaline  copper 
solution  it  turns  bluish-green,  but  if  naphthol  yellow  has  been 
used  an  olive-green  tint  results. 

When  a  material  dyed  with  naphthol  yellow  is  wrapped  in  white 
paper  and  heated  to  120°  C.  in  an  air-bath,  part  of  the  yellow  color 
9 
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is  transferred  to  the  paper.  Hot  water  or  hot  dilute  ammonia  dis- 
solves out  the  coloring  matter,  and  the  ^^ellow  solution  is  decolor- 
ized by  hydrochloric  acid,  a  yellow-white  precipitate  being  pro- 
duced (distinction  from  picric  acid). 

Naphthol  yellow  is  sometimes  employed  for  coloring  butter, 
cheese,  macaroni,  mustard,  saffron,  etc. ,  for  which  applications  its 
marked  poisonous  characters  render  it  very  unfit.'  The  detection 
of  butter-colorants  will  be  described  under  ' '  Annatto. ' ' 

Martins'  yellow  when  used  in  foods  taken  into  the  stomach  may 
be  detected  in  the  urine  by  the  following  methods: 

1.  The  urine  slightly  acidified  with  hydrochloric  acid  is  shaken 
up  with  ether.  A  portion  of  the  ethereal  layer  is  shaken  with 
caustic  potash  solution.  The  alkaline  liquid  is  acidified  with 
hydrochloric  acid  and  warmed  with  some  strands  of  white  wool 
fr^e  from  fat  and  mordanted  with  alum.  The  wool  is  colored  yel- 
low in  the  presence  of  as  little  as  one-millionth  gramme  of  the  dye- 
stuff. 

2.  A  portion  of  the  ethereal  solution  is  evaporated  to  dryness,  a 
drop  of  potassium  cyanide  solution  is  added  to  the  residue,  when 
a  red  coloration  is  obtained. 

3.  Another  portion  of  the  residue  by  evaporation  of  the  ethereal 
solution  is  mixed  with  potassium  bisulphate,  heated  to  redness  in 
a  glass  tube,  and  the  residue  dissolved  in  water.  A  paper  moist- 
ened with  Guess's  reagent  and  placed  in  the  solution  is  colored 
violet. 

4.  A  solution  of  Martins'  yellow,  or  urine  containing  it,  gives 
with  cobalt  chloride  and  a  little  caustic  soda,  a  fine  green  pigment. 

5.  With  stannous  chloride  and  a  trace  of  ammonia,  Martins' 
yellow  gives  a  white  precipitate,  which  becomes  rose-red  by  sub- 
sequent treatment  with  ammonia. 

For  the  recognition  of  Martins'  yellow  in  the  stomach,  intestines, 
etc.,  these  are  finely  cut  up,  acidified  slightly  with  hydrochloric 
acid,  and  digested  for  some  hours  at  40°-50°  with  absolute  alco- 

^  Comparatively  small  doses  of  naphthol  yellow  are  said  to  cause  asthmatic 
breathing,  a  considerable  rise  of  temperature  (without  convulsions),  and  ulti- 
mately death  {Comp.  rend.y  1885,  p.  101).  According  to  Weyl  {Ber.,  xxi.  2191), 
Martins'  yellow  is  well  tolerated  by  rabbits,  but  small  doses  proved  fatal  to  dogs. 
A  dog  weighing  6850  grms.,  to  which  a  dose  of  0.5  grm.  of  dinitronaphthol  was 
given  on  two  successive  days,  and  1  grm.  of  the  sodium  salt  on  the  third  day,  died 
on  the  fourth  day.  Less  than  1  grm.  given  subcutaneously  caused  the  death  of 
a  similar  dog.  On  the  other  hand,  naphthol  yellow  S  proved  innocuous  to  dogs 
in  four  times  these  amounts. 
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hoi.  The  hquid  is  filtered,  evaporated  at  a  low  temperature,  made 
alkaline  with  caustic  potash,  filtered,  acidified  with  hydrochloric 
acid,  and  shaken  out  with  ether,  which  solution  is  then  examined 
as  above. 

In  small  doses  Martins'  yellow  does  not  seem  to  have  any  pois- 
onous effect  on  the  human  system,  and  the  small  quantity  that 
may  be  found  in  foods  is  quite  harmless. 

Heliochrysin,  or  Sun  Gold,  is  the  commercial  name  of  an  un- 
stable coloring  matter  consisting  of  the  sodium  salt  of  tetra- 
nitronaphthol,  CioHgCNOJ^.ONa. 

Nitronaphthol-sulphonic  Acids. 

When  alphanaphthol  is  warmed  with  excess  of  fuming  sulphuric 
acid  it  yields  a  trisulphonic  acid,  which  on  subsequent 
treatment  with  strong  nitric  acid  yields,  on  cooling,  crystals  of 

DiNITRO-ALPHANAPHTHOL-SULPHONIC  ACID,  CioH^(S03H)(N'02)20H. 

The  product  is  purified  by  recrystallization.  It  forms  long  yellow 
needles,  readily  soluble  in  warm  water,  but  insoluble  in  ether. 
These  characters  distinguish  it  from  picric  acid,  dinitro-naphthol, 
etc.  Its  salts  are  easily  crystallizable,  said  to  be  non-poisonous, 
and  dye  wool  and  silk  (but  not  cotton)  a  bright  yellow  color, 
which  is  fast  in  the  light,  non-volatile,  and  does  not  mark  or  rub 
off.  For  these  reasons  the  salts  have  largely  replaced  picric  acid 
and  the  dinitro-naphtholates. 

Potassium  Dinitro-a-naphthol-sulphonate,  C^JI^(QOJ^)  (NOJg-  OK, 
forms  an  orange-yellow  precipitate  on  mixing  a  strong  solution 
of  the  free  acid  with  one  of  potassium  sulphate.  It  is  sparingly 
soluble  in  cold,  but  readily  in  hot  water.  By  boiling  it  with 
strong  hydrochloric  acid  the  free  acid,  or,  according  to  some,  an 
acid  salt,  C,,'H,(iSO,K)(m,)fiIl,  is  formed. 

The  sodium  and  ammonium  salts  of  dinitronaphthol-sulphonic  acid 
are  freely  soluble,  but  the  barium  and  lead  salts  only  sparingly  so. 

The  salts  of  dinitronaphthol-sulphonic  acid  are  yellow  or  orange. 
On  heating,  they  swell  up  and  emit  sparks,  but  do  not  deflagrate. 
The  solutions  are  yellow  or  brownish-yellow,  becoming  pale  yellow 
on  adding  hydrochloric  acid,  but  no  precipitate  is  produced,  and 
the  diluted  acid  liquid  is  not  decolorized  by  agitation  with  ether. 
(Distinction  from  picric  acid,  etc.)  With  caustic  soda  an  orange- 
yellow  precipitate  is  formed,  soluble  on  warming.  In  strong 
sulphuric  acid  the  dinitronaphthol-sulphonates  dissolve  with  pale 
yellow  color.  In  other  reactions  they  resemble  Manchester  yellow, 
but  do  not  volatilize  or  color  their  paper  envelope  at  120°  C. 
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Naphthol  Yellow  S;  Naphthol  Yellow;  Citronin;^  Acid 
Yellow  S;  Brilliant  Yellow,  etc.,  are  names  given  to  the  potas- 
sium, sodium,  ammonium,  and  calcium  salts  of  dinitronaphthol- 
sulphonic  acid.  The  free  acid  is  also  met  with  under  the  name 
of  " naphthol  yellow'^  (Levinstein). 

Commercial  naphthol  yellow  S  varies  much  in  character.  Some 
qualities  are  practically  pure,  while  others  contain  sodium  sul- 
phate and  chloride  in  notable  quantity.  C.  R  a  w  s  o  n  (Jour.  Soc. 
Dyers,  &c.,  iv.  82)  has  proposed  a  method  of  assay  depending 
on  the  precipitation  of  the  coloring  matter  by  a  solution  of  night- 
blue,  which  is  made  by  dissolving  10  grammes  in  50  c.  c.  of  glacial 
acetic  acid,  and  diluting  the  liquid  to  1  litre.  The  naphthol 
yellow  is  used  as  a  solution  containing  1  gramme  per  litre.  The 
latter  solution  is  added  to  10  c.c.  of  the  former  until  on  filtration 
of  a  portion  of  the  liquid  it  is  found  to  have  a  faint  yellow  color. 
The  method  is  similar  to  that  described  for  the  determination  of 
picric  acid  described  on  page  117.  Two  molecules  of  night-blue 
react  with  one  of  naphthol  yellow. 

Naphthol  yellow  S  may  be  adulterated  with  the  cheaper  naph- 
thol yellow,  and  the  latter  may  be  detected  by  adding  hydrochloric 
acid  to  the  aqueous  solution:  naphthol  yellow  is  precipitated  or 
•  the  solution  becomes  milky,  whereas  a  solution  of  pure  naphthol 
yellow  S  remains  clear.  If  the  dry  color  is  treated  with  ether, 
naphthol  yellow  S  will  not  color  the  liquid  even  on  addition  of 
soda,  while  naphthol  yellow  colors  the  ether  yellow  and  remains 
yellow  on  addition  of  soda. 

Nitro-diphenylamines. 

On  treating  diphenylamine  with  nitric  acid  it  readily  yields 
nitro-substitution  products.  The  tetranitro-derivative, 
[C6H3(N02)2] mixed  with  a  little  of  the  d  i  n  i  t  r  o-p  r  o  d  u  c  t, 
forms  the  coloring  matter  known  as  "Citronin."  On  warming 
diphenylamine  or  methyl-diphenylamine  with  nitric  acid,  it  yields 
hexanitr o-d iphenylamine,  a  body  of  strongly  acid  char- 
acter, melting  at  238°,  the  ammonium  salt  of  which  constitutes  the 
''aurantia"  of  commerce. 

Aurantia,  or  Imperial  Yellow  [C6H2(N02)3]2.N(NH^),  forms 

'  The  name  citronin  is  used  both  for  naphthol  yellow  S  and  the  product  obtained 
by  acting  with  nitric  acid  on  diphenylamine,  as  also  for  the  azo-dye  called  azo- 
flavine. 
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a  reddish-yellow  crystalline  powder,  or  brownish-red  crystals  which 
decrepitate  on  heating  and  sometimes  deflagrate  slightly.  Aurantia 
is  easily  soluble  in  water  to  form  a  solution  which  is  red  when 
concentrated,  but  yellow  when  diluted.  On  addition  of  hydro- 
chloric acid,  the  aqueous  solution  yields  a  sulphur-yellow  floc- 
culent  precipitate  of  free  hexanitro-diphenylamine,  and  on  filtering 
a  nearly  colorless  liquid  is  obtained.  The  precipitate  dissolves  on 
agitation  with  ether.  An  acid  solution  of  stannous  chloride  also 
precipitates  the  free  acid,  but  the  yellow  precipitate  becomes  dark 
brown  on  boiling.  Copper  salts  also  turn  the  solution  of  aurantia 
brown.  Solutions  of  aurantia  are  darkened  or  reddened  by  caustic 
alkalies,  and  if  concentrated  a  dark  red  precipitate  is  produced. 
Solid  aurantia  is  not  changed  in  color  by  strong  sulphuric  acid, 

Aurantia  does  not  appear  to  be  entirely  harmless  in  its  physio- 
logical action,  as  even  dilute  solutions  of  the  dyestuff  produce 
painful  blisters  on  the  skin.  How^ever,  there  seems  to  be  an 
isomeric  hexanitro-diphenylamine  which  is  harmless. 

On  the  fibre,  hydrochloric  acid  turns  the  color  due  to  aurantia 
a  lighter  yellow.  Ammonia  and  caustic  soda  produce  but  httle 
change.  The  dark  brown  coloration  produced  on  warming  with 
stannous  chloride  is  the  most  characteristic  reaction  of  aurantia.  * 

Aurantia  has  been  almost  completely  replaced  by  the  azo-colors, 
and  is  only  used  in  leather  dyeing. 

(b)  Nitroso-  and  Isonitroso-coloring  Matters. 

By  treating  an  aqueous  solution  of  phenol  with  potassium  nitrite 
and  acetic  acid,  a  body  is  formed  which  was  formerly  supposed  to 
be  nitroso-phenol,  CeH4(N0).0H,  but  which  more  recent 
research  has  shown  may  more  correctly  be  regarded  as  q  u  i  n  o  n- 


The  orthoquinonoximes  dye  on  metallic  mordants,  while  the 
other  quinonoximes  do  not.  These  colors  are  permanently  de- 
colorized by  the  action  of  reducing  agents,  amidophenols  being 
formed.  The  nitroso-compounds  are  dyed  almost  exclusively  on 
iron  mordants,  invariably  giving  green  shades  with  this  metal 
which  are  notable  for  their  great  fastness  to  light.  Handsome 
brown  shades  are  obtained  by  the  use  of  cobalt  mordants. 

QuiNONOXiME  is  best  prepared  by  treating  phenol  dissolved  in 
thirty  parts  of  water  with  rather  more  than  the  theoretical  quantity 


(  N.OH. 
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of  nitrosulphonic  acid,  prepared  by  passing  nitrous  fumes  into 
concentrated  sulphuric  acid.  The  crystals  which  separate  are 
filtered  off  without  delay.  Quinonoxime  forms  a  green  solution  in 
hot  water,  separating  in  nearly  colorless  needles  by  rapid  cooling, 
or  in  thin,  brownish-green  plates  if  the  liquid  be  cooled  slowly. 
It  dissolves  in  alkalies  with  a  brown  color,  and  on  acidulating  the 
solution  separates  as  a  nearly  white  amorphous  precipitate,  soluble 
in  alcohol  or  ether  with  a  green  color. 

Quinonoxime,  if  moist,  rapidly  turns  brown  on  exposure  to 
air.  When  heated  to  120°-130°  C.  it  decomposes  with  slight 
detonation.  By  ferricyanides  in  alkaline  solution  it  is  oxidized 
to  paranitrophenol.  When  quinonoxime  is  dissolved  in 
phenol,  strong  sulphuric  acid  added,  and  the  liquid  warmed  to 
about  40°  C,  a  dark  cherry-red  or  brown  solution  is  obtained, 
which  on  addition  of  water  yields  a  flocculent  brown  precipitate, 
known  as  Liebermann's  phenol  dye-stuff."  This  body  dissolves 
in  alkalies  and  sulphuric  acid  with  a  fine  blue  color,  and  has  the 
formula,  C,H,(OH) .  N : (0. C^H^),. 

Orcin  in  the  same  manner  yields  coloring  matters  which  are 
closely  related  to  the  orchil  colors,  especially  orcein.  But  the 
only  coloring  matter  of  any  technical  importance  is  the  one  derived 
from  resorcin. 

The  following  table  shows  the  nitroso-  and  iso-nitroso-  colors: 


Commercial 
Name. 

Chemical 
Name. 

Constitutional  Formula. 

Dinitrosoresorcinol. 
Kesorcin  Green. 
Dark  Green. 
Solid  Green. 
Chlorin. 
Russian  Green. 
Alsace  Green. 
Fast  Myrtle  Green. 

Dinitrosoresorcinol. 
Dioximidoquinone. 

0 

I^KOH 
N.OH 

Naphthol  Green  B. 

Ferrous-sodium  salt 
of  nitroso-beta- 
naplithol-beta- 
monosulphonic 
acid. 

NO— Fe-NO 
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> 

Commercial 
Name. 

Chemical 
Name. 

Constitutional  Formula. 

Nitrosonaplithol. 
Gambin  Y. 
Alsace  Green  J. 

Al  ph  a-n  i  troso-beta- 
naphthol. 

N 

/\ 

\y 

.OH 
0 

Gambin  R. 

Beta-nitroso-alpha- 
naphtliol. 

/\. 

0 

\y 

N.OH 

Dioxin. 
Gambin  B. 

Mononitroso-di- 
oxynaphthalene. 

HO 

y\ 
\y 

IS 

V 

.OH 

) 

DiNiTROsoREsoRciNOL.    C5H5,Oj(NOH)2  or  — 

O)  ro 

I   >  CgH2  -{  I  .    This  body,  which  forms  the  commercial 

HO.N  )         (  N.OH 

coloring  matter  known  as  resorcin  green  or  solid  green,  is  obtained 
in  a  manner  similar  to  quinonoxime,  substituting  resorcinol  for 
phenol.  It  forms  yellowish-brown  or  green  plates,  or  a  greyish- 
brown  powder.  The  commercial  product  is  sold  as  a  dark  grey 
paste,  as  the  dry  powder  is  said  to  be  explosive.  It  dissolves  with 
difficulty  in  cold  water,  but  readily  in  hot.  It  deflagrates  slightly 
when  heated  to  115°.  Dinitrosoresorcinol  has  acid  characters.  It 
decomposes  carbonates,  and  to  some  extent  acetates,  and  forms  a 
series  of  alkali-metal  salts,  of  which  the  normal  are  soluble,  and 
the  acid,  of  the  type  CgH202(NOH)(NONa),  are  sparingly  solu- 
ble, green,  crystalline  powders. 

By  the  action  of  resorcinol  and  sulphuric  acid  on  dinitrosoresor- 
cinol, azoresorufin  is  formed,  a  body  which  is  analogous  to 
the  Liebermann's  dye-stuff  (see  above)  obtained  in  a  similar  man- 
ner from  phenol.^ 

^  In  practice,  1  part  of  resorcinol  is  dissolved  in  5  parts  of  strong  sulphuric  acid, 
and  the  solution  gradually  treated  with  8  parts  of  nitrosulphonic  acid  made  by 


136 


DYES  AND  COLORING  MATTERS. 


Naphthol  Green  B  is  the  s o d i u m-f  errous  saltofnitro- 
sobetanaphthol-sulphonic  acid  (Schaffer's  acid).  It 
is  prepared  by  the  action  of  nitrous  acid  on  betanaphtholsulphonic 
acid  S,  and  combining  the  product  formed  with  soda  and  ferrous 
oxide.  It  forms  a  dark  green  powder,  which  leaves,  on  ignition, 
a  residue  containing  iron  and  sulphides.  The  coloring  matter 
dissolves  in  water  with  yellowish-green  coloration,  the  solution 
being  unchanged  by  hydrochloric  acid,  but  rendered  bluish-green 
by  alkalies.  In  concentrated  sulphuric  acid,  naphthol  green  dis- 
solves with  a  yellowish-brown  color,  the  solution  becoming  yellow 
on  dilution,  and  then  giving  a  blue  coloration  or  precipitate  both 
with  ferro-  and  ferri- cyan  ides. 

Gambin  Y  or  Nitrosonaphthol  is  formed  by  the  action  of 
nitrous  acid  on  betanaphthol.  It  is  an  olive-green  paste,  slightly 
soluble  in  water  with  a  yellow  color,  the  solution  remaining  unal- 
tered by  hydrochloric  acid,  but  caustic  soda  produces  a  greenish- 
yellow  fluorescence.  It  is  soluble  in  alcohol,  giving  an  orange 
solution.  In  concentrated  sulphuric  acid  it  dissolves  to  a  dark 
brown  solution  which  gives  a  fiocculent  precipitate  on  dilution 
with  water. 

Gambin  R  is  isomeric  with  the  above,  being  obtained  in  the 
same  manner  from  alphanaphthol. 

Dioxin  is  produced  by  the  action  of  nitrous  acid  on  (2:7) 
dioxynaphthalene.  It  is  a  reddish-brown  paste,  very  sparingly 
soluble  in  water,  but  dissolving  in  caustic  soda  with  an  intense 
brown  color;  also  soluble  in  alcohol,  giving  an  orange  solution. 
With  concentrated  sulphuric  acid  a  green  solution  is  obtained, 
which  yields  a  red  precipitate  on  dilution  with  water. 

2.  Azoxy-Coloring  Matters. 

If  nitro-benzene  is  treated  with  moderate  reducing  agents  in 
alkaline  solution,  there  are  formed  intermediate  reduction  products 
before  the  azo-compounds  are  reached.  These  intermediate  deri- 
vatives are  termed  a  z  o  x  y-compounds,  and  possess  the  structure 


gradually  dissolving  sodium  nitrite  in  twenty  times  its  weight  of  strong  sulphuric 
acid.  The  fine  blue  solution  is  heated  to  140°  till  violet,  when  it  is  cooled  and 
diluted  with  water.  The  precipitate  may  be  purified,  if  desired,  by  treating  it 
with  sodium  carbonate,  evaporating  the  solution  to  dryness,  and  treating  the  resi- 
due with  alcohol,  which  dissolves  the  sodium  compound  of  the  coloring  matter. 
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If  nitrobenzene,  for  example,  is  reduced  with  zinc  dust  and 
ammonia  azoxy-benzene  is  formed,  having  the  formula, 

I  ^0.    Should  the  reduction  be  carried  further,  or  stronger 

reducing  agents  be  employed,  a  z  o-  and  h  y  d  r  a  z  o-derivatives 
will  be  found.  The  azoxy-coloring  matters  do  not  form  a  very 
extensive  group  of  dyestuffs,  nor  a  very  important  one,  and  are 
often  considered  as  a  class  under  the  azo-colors.  The  azoxy-deri- 
vatives  are  readily  converted  into  the  azo-bodies  by  reducing 
agents,  and  in  turn  can  be  produced  by  the  oxidation  of  amido- 
compounds. 

Azoxybenzene.  (CgH.)2N20. 

This  body  is  produced  by  the  action  of  mild  reducing  agents  on 
nitro-benzene,  or  by  the  oxidation  of  aniline.  It  crystallizes  in 
long,  yellow  needles,  soluble  in  alcohol  and  ether,  but  not  in 
water.  Its  melting  point  is  36°,  but  it  cannot  be  distilled  as  it 
decomposes  into  azo-benzene  and  aniline.  By  heating  with  sul- 
phuric acid  a  molecular  re-arrangement  occurs  with  the  formation 
of  oxyazobenzene. 

Sun  Yellow.    Curcumin  S. 

This  dyestuff  is  also  sold  under  the  names  of  Jaune  soleil 
and  maize,  and  has  the  formula: 


SOaNa/N 


CH   -  CH 

'  A 


SOaNa 


v 

N 


N 


It  is,  therefore,  the  sodium  salt  of  azoxy-stilbenedisulphonic 
acid.^ 

Curcumin  S  is  produced  by  the  action  of  sodium  hydrate  on 
paranitrotoluenesulphonic  acid.  It  is  a  brown  powder  soluble  in 
water  giving  a  brownish-yellow  solution.  With  sulphuric  acid  it 
gives  a  violet  solution  which  changes  to  yellow  on  dilution  with 
water.  Hydrochloric  acid  gives  a  brown  precipitate  from  the 
aqueous  solution;  sodium  hydrate  an  orange  precipitate. 

Direct  Yellow  G  is  the  sodium  salt  of  dinitrosostilbenedisul- 
phonic  acid.    It  may  be  represented  by  the  formula: 


^ The  corresponding  ammonium  salt  is  called  curcumin  W. 
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CH(1)C,H3{ 
CH(1)C,H3{ 


,Na 


It  is  a  brown  powder,  soluble  in  water  with  an  orange  color. 
The  addition  of  caustic  soda  to  the  aqueous  solution  produces  a 
yellow  precipitate,  as  does  also  hydrochloric  acid.  It  dissolves  in 
strong  sulphuric  acid  with  a  red  color,  which  changes  to  yellow  on 
dilution  with  water. 

Mikado  Oranges  G,  R,  2  R,  3  R,  4  R,  and  5  R,  and  Mikado 
Yellow  are  prepared  by  boiling  paranitrotoluene-sulphonic  acid 
with  alkalies  in  the  presence  of  certain  oxidizable  substances  such 
as  glycerin,  pyrogallic  acid,  etc.  Their  composition  has  not  yet 
been  ascertained.  They  occur  as  orange  powders,  soluble  in  water 
with  an  orange  color.  On  the  addition  of  hydrochloric  acid  to  the 
aqueous  solution  a  brown  precipitate  is  produced;  caustic  soda 
gives  a  yellow  precipitate.  Strong  sulphuric  acid  dissolves  the 
dyestuff  to  a  blue  solution,  which  gives  a  brown  precipitate  on 
dilution  with  water. 

Mikado  Brown,  B,  3  GO  and  M,  are  dyestuffs  produced  in 
a  manner  similar  to  the  above.  They  are  brown  powders,  giving 
a  brown  solution  in  water.  Caustic  soda  with  the  aqueous  solution 
produces  but  a  very  slight  precipitate;  hydrochloric  acid  gives  a 
brown  precipitate.  Strong  sulphuric  acid  dissolves  the  dyestuff  to 
a  dark  red  solution,  which  gives  a  brown  precipitate  on  dilution 
with  Avater. 

3.  Hydrazo  Derivatives. 

Hydrazo-compounds  may  be  considered  as  derivatives  of  hydra- 
zine,^ NHg — NH2,  and  they  possess  the  group  — NH.NH — .  They 
may  also  be  considered  as  reduction  products  of  the  azoxy-  and 
azo-compounds. 

Hydrazobenzene,^  CgH5NH.NH.CgH5,  is  obtained  by  the 
action  of  reducing  agents  on  azobenzene.  It  is  readily  soluble  in 
alcohol  and  ether,  and  possesses  an  odor  resembling  camphor.  It 
crystallizes  in  colorless  plates,  melting  at  131°.  On  distillation  it 
is  decomposed  into  azo-benzene  and  aniline.  Oxidation  readily 
converts  hydrazobenzene  into  azobenzene.    Hydrazobenzene  gives 

'See  Vol.  Ill,  pt.  IT,  p.  27. 
2  See  Vol.  Ill,  pt.  II,  p.  89. 
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the  characteristic  phenylhydrazine  reaction^  with  aldehydes, 
forming  compounds  known  as  hydrazoines.  It  combines  with 
acetic  acid  esters,  giving  rise  to  pyrazol  derivatives.^  When  treated 
with  concentrated  sulphuric  acid,  a  molecular  re-arrangement 
occurs  and  the  isomer  benzidin  is  produced,^  which  has  the 
formula  NHg.  CgH^.  CgH^.  NHg.  Nitro-  and  amido-hydrazobenzenes 
are  known,  and  also  the  sulphonic  acid.  Hydrazotoluenes, 
CH3.C6H,.NH— NH.C6H,.CH3,  have  also  been  prepared.  All  of 
these  hydrazo-compounds  are  converted  into  diphenyl  derivatives 
in  a  matter  similar  to  the  conversion  of  hydrazobenzene  into  ben- 
zidine. 

Tartrazin  is  the  sodium  disulphonate  of  diphenyl-osazone- 
dioxytartaric  acid,  and  may  be  represented  by  the  following 
formula : 

COOH 
1 

C^N.NH.CgH^.SOgNa 
Cr=N.NH.C3H,.S03Na 
COOH. 

It  is  prepared  by  the  action  in  alkaline  solution  of  phenyl- 
hydrazine-parasulphonic  acid  on  dioxytaric  acid.  According  to 
Nietzki  tartrazin  has  the  following  constitution: 

CeH, 

N 
/  \ 
N  CO 

II  I 

HOOC— C  C.  r=  N.  NH.  C,H, 

being  a  derivative  of  pyrazolon,  though  this  hardly  agrees  with  the 
fact  that  reducing  agents  resolve  it  into  sulphanilic  and  diamido- 
succinic  acids.  It  forms  a  beautiful  orange-yellow  powder,  soluble 
in  hot  water  to  a  golden-yellow  solution,  which  if  concentrated 
deposits  a  yellow  precipitate  on  cooling.  On  adding  alcohol  to 
the  concentrated  aqueous  solution  a  crystalline  precipitate  is  ob- 
tained. The  solution  is  not  changed  by  dilute  acids,  but  becomes 
reddish  on  adding  caustic  soda.  Stannous  chloride  produces  a 
yellow  precipitate,  soluble  in  oxalic  acid.    Barium  chloride  gives 

'  See  Vol.  Ill,  pt.  II,  p.  30. 

2  See  Vol.  Ill,  pt.  II,  p.  31. 

3  See  Vol.  Ill,  pt.  II,  p.  89. 
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a  yellow  precipitate,  but  calcium  chloride  occasions  no  change. 
Concentrated  sulphuric  acid  dissolves  the  solid  dye  with  a  yellow 
color,  which  is  unchanged  on  dilution.  Tartrazin  precipitates  the 
coal-tar  bases  very  completely,^  and  dyes  wool  yellow  in  an  acid 
bath. 

Other  dyestuffs  of  the  tartrazin  class  have  been  prepared  by 
substituting  for  phenyl-hydrazine  sulphonic  acid  its  homologues 
and  the  naphthylhydrazine  sulphonic  acids,  and  using  instead  of 
dioxytartaric  acid  such  double  ketones  as  benzil  and  phenanthra- 
quinone  (Jour.  Soc.  Dyers,  etc.,  iii.  132;  iv.  109).  Thus  isatin- 
yellow  is  obtained  by  the  action  of  isatin  on  phenylhydrazine- 
parasulphonic  acid,  and  phenanthrene-red  by  the  reaction  of  one 
molecule  of  phenanthraquinone  on  two  of  naphthyl-hydrazine- 
sulphonic  acid.  The  constitution  of  all  these  dyestuffs  is  analo- 
gous, the  phenanthraquinone  compound  having  its  two  benzene 
rings  directly  united  in  addition  to  being  connected  through  the 
— C — C —  group,  which  results  in  the  reddish-yellow  color  of  the 
dyestuff.  The  tartrazins  closely  resemble  the  mixed  azo-dyes,  as 
may  be  seen  by  comparing  the  constitution  of  the  two  classes: 

COOH  COOH 

I  I 

C  rrr  N.  NH.  C^H^  CH— N  :N.  C.Hg 

C  =  N.  NH.  CgHg  CH— N  :N.  Cfi, 

COOH  COOH 

the  first  being  the  formula  of  the  osazone  of  unsulphonated  tar- 
trazin, and  the  second  that  of  a  mixed  azo-dye. 

Azarin  S  is  a  compound  of  dichlorphenolazobetanaphthol  with 
ammonium  bisulphite.  It  is  a  yellow  paste,  smelling  of  sulphur- 
ous acid;  it  is  sparingly  soluble  in  water  with  a  yellow  color,  with 
which  solution  caustic  soda  gives  a  violet  precipitate,  and  hydro- 
chloric acid  an  orange  precipitate.  The  dye  dissolves  in  strong 
sulphuric  acid  with  a  magenta  red  color,  the  solution  giving  a 
brown  precipitate  on  dilution  with  water.  It  is  chiefly  employed 
in  calico-printing,  and  its  shades  are  very  fast  to  soap  and  fairly 
so  to  light. 

4.  Azo-  and  Tetrazo-Coloring  Matters. 

Of  late  years  a  series  of  very  brilliant  and  fast  dyes  have  come 
into  use,  which  are  generally  known  as  azo-dyes. 

^W.  R.  Richardson,  Jour.  Soc.  Dyers,  etc.,  iii.  2. 
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All  these  substances  contain  the  divalent  group  — N :  N — .  If 
both  of  the  free  bonds  be  satisfied  by  the  radical  phenyl  the 
substance  known  as  azo-benzene,  CgH^. N:  N. CgH^,  results:  or 
if  the  two  radicals  be  not  identical  a  "mixed"  azo-compound 
results,  such  as  may  be  typified  by  benzene-azo-toluene, 
C,H,N:N.C,H, 

The  azo-compounds  in  general  are  obtained  by  the  reduction  of 
nitro-compounds  in  alkaline  solution.  Reducing  agents,  such  as 
sodium  amalgam  in  alcoholic  solution,  zinc  dust  with  sodium 
hydrate,  or  stannous  chloride  with  sodium  hydrate  are  most  fre- 
quently employed.  All  nitrobenzene  compounds  react  in  this 
manner,  with  the  exception  of  nitro-naphthalene. 

The  azo-compounds  are  usually  yellow  or  brown  solids.  They 
are  readily  converted  into  benzidine  by  the  action  of  stannous 
chloride  in  acid  solution,  but  otherwise  they  are  quite  stable,  and 
may  be  chlorinated,  nitrated,  and  sulphonated. 

Amido-azo-compounds  are  produced  by  the  reduction  of  the 
corresponding  nitro-azo-derivative.  Oxy-azo-compounds  are  cor- 
responding phenols,  having  the  structure  CgHg.N:  N.CgH^.OH. 
These  amido  and  phenol  groups  seem  to  determine  the  dyeing 
property  of  the  azo-compounds,  the  latter  in  themselves  not  being 
dyestuffs.  The  azo-dyes  are  therefore  either  amido-compounds, 
the  so-called  azo-bases  which  form  salts  with  acids;  or  phenol- 
compounds,  the  azo-acids,  which  form  salts  with  bases.  The 
dyestuffs  are  usually  brought  into  commerce  as  the  sulphonic 
acids  of  the  corresponding  azo-bases  and  azo-acids.  The  azo-com- 
pounds in  general  are  acid  dyeing  colors,  and  are  produced  by 
combining  diazotized  aromatic  amines  and  their  sulphonic  acids 
with  aromatic  amines  or  phenols  and  their  sulphonic  acids. 

The  azo-compounds  for  the  most  part  give  rise  to  yellow,  orange, 
red,  brown,  violet,  and  black  shades.  The  azo-group  does  not 
appear  to  be  able  to  yield  green  coloring  matters. 

Azobenzene.  CgH5.N2.CgH5. 

This  body  is  prepared  by  the  reduction  of  nitrobenzene  with 
nascent  hydrogen.  Acetic  acid  and  iron  may  be  employed  as  the 
reducing  agent,  or  preferably  an  alkaline  reagent,  such  as  zinc  and 
alcoholic  potash,  sodium  stannite,  or  sodium  amalgam.  If  sodium 
amalgam  be  employed,  the  intermediate  product  azoxy-ben- 
z  e  n  e  is  first  obtained,  while  too-long  continued  treatment  causes 
the  formation  of  hydrazobenzene  and  the  isomeric  body 
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benzidine,  and  the  former  of  these  may  in  turn  be  converted 
into  aniline.    These  bodies  form  a  continuous  series,  thus: — 
Nitro-benzene,  CgH.NO^  X  2  =  Cj^H^oNp, 

Azoxy-benzene,       .       .       .  CigHjoNgO 
Azo-benzene,   ....  Ci2HjoN2 
Hydrazo-benzene,    .       .       .  Cj2Hi2^2 
Amido-benzene ( aniline ),CgH7N  X  2  =  Ci2Hj4N2. 
By  treating  aniline  with  potassium  permanganate,  the  reverse 
series  of  reactions  may  be  obtained,  at  least  so  far  as  oxidation  to 
azoxy-benzene;  and  among  the  secondary  products  is  found  aniline 
black,  which  has  the  same  percentage  composition  as  azo-benzene. 

Azobenzene  crystallizes  in  large  yellowish-red  laminae,  sparingly 
soluble  in  water,  but  readily  in  alcohol  and  ether.  The  alcoholic 
solution  has  an  intense  yellow  color,  but  no  dyeing  powers.  Azo- 
benzene  melts  at  65.5°,  and  distils  at  293°.  Treated  in  alcoholic 
solution  with  sulphuretted  hydrogen,  it  is  converted  into  hydrazo- 
benzene.  With  bromine,  azobenzene  forms  the  additive  com- 
pound Ci2HjoBr2N2,  and  with  nitric  acid  reacts  to  form  mono-  and 
di-nitro-derivatives.  Nitro- azobenzene  CgH^.Ng.CgH/NOg),  can  be 
reduced  to  amido-azobenzene,  CgH5.N2.CgH4(NH2),  and  this  on 
treatment  with  nitrous  acid  and  warm  water  yields  oxyazo- 
benzene,  CgHg.Ng.CgH^COH),^  which  is  made  by  digesting  diazo- 
benzeiie  nitrate  with  barium  carbonate,  or  by  the  action  of 
concentrated  sulphuric  acid  on  azoxybenzene.  It  crystallizes  in 
orange-yellow  needles  melting  at  148°  C.  These  bodies  dye  silk 
or  wool  orange  or  yellow,  but  offer  little  resistance  to  the  action  of 
acids. 

Diazobenzene  Compounds.  Cgllj.NiN.X. 

When  the  free  bond  of  the  second  nitrogen  atom  of  the  group 
— N :  N —  is  satisfied  by  a  simple  atom  or  an  acid  or  basic  group, 
instead  of  by  a  hydrocarbon  radical,  the  substance  is  said  to  be  a 
"diazo-compound."  Thus  the  body  represented  by  the 
formula  CgHg. N :  N. CI  is  called  diazo-benzene  chloride,'' 
and  is  the  type  of  a  large  number  of  interesting  bodies. 

^ This  body  is  preferably  called  hydroxy-azobenzene.    It  must  not  be 

C  H  N ) 

confounded  with  azoxy-benzene,  q^jj^  ]Sf  r  ^-     1^  evidently  has  the  hy- 

droxyl  group  in  the  para  position  with  reference  to  the  azo-group;  for  oxyazo- 
compounds  containing  the  hydroxyl  group  in  the  ortho-position  are  most  probably 
qnino-hydrazones. 

^  Hence  azobenzene,  CgHg.N:  N.CgHg,  is  diazobenzene  phenylide. 
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Free  diazobenzene  is  not  known,  nor  does  the  hydride, 
CgHg. H,  appear  to  be  obtainable.  The  hydroxide, 
CgH5.N2.OH,  is  a  highly  unstable,  explosive,  yellow  oil,  which 
reacts  with  acids  to  form  a  highly  interesting  series  of  salts.  They 
are  mostly  colorless,  crystalline  bodies,  which  turn  brown  rapidly 
on  exposure  to  air.  They  are  readily  soluble  in  water,  sparingly 
in  alcohol,  and  are  precipitated  from  their  alcoholic  solutions  by 
ether.  Most  of  them  are  unstable,  and  decompose  with  explosion 
when  heated  or  struck.  The  chlorochromate  explodes  more 
violently  than  nitroglycerin.  By  many  reagents  they  are  decom- 
posed in  a  peculiar  manner,  usually  with  evolution  of  free  nitro- 
gen, as  in  the  following  examples: — 

1.  CgH..  N.,.  Br  +  Bfi  -  CJI,.  OH  +     +  HBr. 

Diazo-bromide  Phenol 

2.  CgH^.  N^.  NO3  +  C^npH  =  CgH^H  +     +  HNO3  +  C^H^O. 

Diazo-nitrate  Alcohol        Benzene  Aldehyde 

3.  CgH5.N2.HSO,  +  HI  =  CgHgl  +  N2  +JI2S0,. 

Diazo-acid  sulphate  Phenyl  iodide 

4.  C^H^.  N2.  CI  +  CU2CI2    CgH.Cl  +  N2  +  CUCI2. ' 

Diazo-chloride  Phenyl  chloride 

5.  CgH^.  NBr :  NBr2  +  C^H^.  OH  -  CgH^Br  +  N2  +  C2HP  +  2HBr. 

Diazo-perbromide  Phenyl  bromide 

Diazobenzene  Chloride,  CgH5.N2.Cl,  is  obtained  in  solution  by 
gradually  adding  sodium  nitrite  to  an  ice-cold,  dilute  solution  of 
one  molecule  of  aniline  and  two  of  hydrochloric  acid,  the  liquid 
being  well  stirred  during  the  addition.  The  conclusion  of  the  re- 
action is  known  by  the  evolution  of  nitrous  acid,  recognizable  by 
its  turning  blue  a  piece  of  paper  moistened  with  a  solution  of 
potassium  iodide  and  starch  and  held  over  the  liquid.  Diazo- 
benzene chloride  is  only  known  in  solution,  which  undergoes 
decomposition  when  heated,  but  it  forms  crystalline  compounds 
with  platinic  and  stannic  chlorides. 

Diazobenzene  Nitrate,  CgH5.N2.NO3,  is  prepared  by  passing  a  slow 
stream  of  nitrogen  trioxide  gas  (prepared  from  starch  or  arsenious 
oxide  and  nitric  acid)  into  a  paste  of  aniline  nitrate  and  water, 
cooled  by  immersion  in  a  mixture  of  ice  and  salt,  until  the  addi- 
tion of  caustic  alkali  to  a  sample  quantity  no  longer  liberates  ani- 
line in  oily  globules.    The  liquid  is  filtered,  and  the  diazobenzene 

^  By  substituting  cuprous  bromide,  iodide,  or  cyanide  for  the  chloride,  the 
corresponding  haloid  compounds  of  phenyl  may  be  obtained.  The  cyanide 
reacts  with  caustic  potash  to  form  potassium  benzoate,  CgHjCOOK,  and  a m- 
m  0  n  i  a. 
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nitrate  precipitates  from  the  filtrate  by  adding  three  volumes  of 
alcohol  and  some  ether.  Diazobenzene  nitrate  separates  in  yellow 
needles  which  are  readily  soluble  in  water,  and  slightly  so  in  alco- 
hol, but  insoluble  in  ether.  In  the  dry  state,  when  gently  heated 
or  struck,  it  explodes  more  violently  than  fulminating  mercury,  and 
hence  should  be  preserved  under  ether. 

Acid  Diazobenzene  Sulphate,  CgH5.N2.HSO4,  is  obtained  by  adding 
diluted  sulphuric  acid  (1:2)  to  a  concentrated  aqueous  solution  of 
the  last  salt.  Alcohol  (3  volumes)  and  ether  are  then  added,  and 
the  heavy  liquid  which  separates  redissolved  in  strong  alcohol  and 
precipitated  by  adding  ether,  the  process  being  repeated  till  the 
sulphate  separates  in  a  crystalline  form.  The  salt  forms  white, 
deliquescent  prisms,  which  decompose  in  the  air  and  detonate  at 
about  100°. 

Diazobenzene-sulphonic  Acid,  CgH^  |  |  :  N.     This  body,  of 

which  three  modifications  exist,  is  not  well  named,  as  it  is  really  the 
anhydride  of  the  true  sulphonic  acid,  CgH^CSOgH^.N^.OH. 
The  para-compound,  which  is  the  only  one  of  practical  importance, 
is  obtained  by  adding  rather  more  than  the  calculated  quantity  of 
sodium  nitrite  to  a  solution  of  sulphanilic  acid  (para-amidoben- 
zene-sulphonic  acid),  CgH4(S03H).NH2,  in  dilute  caustic  soda,  and 
pouring  the  mixture  into  cooled,  dilute  sulphuric  acid.  The  diazo- 
sulphohic  acid  separates  in  white  crystals,  insoluble  in  cold  water, 
but  readily  soluble  at  60°-70°.  It  is  decomposed  by  water  at  a 
higher  temperature,  with  formation  of  para-phenolsulphonic  acid, 
while  boiling  alcohol  converts  it  into  benzene-sulphonic  acid, 
C,H,.S03H. 

DiAzo-AMiDOBENZENE,  CgHgN :  N.  NH.  CgHg.  This  body  is  formed 
when  nitrous  gas  is  passed  into  a  solution  of  aniline  in  alcohol, 
and  may  be  regarded  as  resulting  from  the  action  of  aniline 
(amidobenzene)  on  diazobenzene  hydroxide: — CgHg.Ng.OH  +  NH. 
H.C6H5  =  C6H5.N2.NH.C6H5  + H.O.  Diazo- amidobenzene  is  also 
formed  when  a  cold  concentrated  solution  of  diazobenzene  nitrate 
is  dropped  gradually  into  strong  ammonia  or  mixed  with  aniline; 
or  by  adding  a  solution  of  diazobenzene  chloride  to  aniline  kept 
cool,  and  treating  the  product  with  sodium  acetate,  when  the  diazo- 
amidobenzene  is  thrown  down  as  a  yellow  precipitate.  It  may  be 
obtained  more  directly  by  adding  gradually  a  cooled  solution  of 
sodium  nitrite  to  a  mixture  of  one  molecule  of  aniline  and  one  of 
aniline  hydrochloride,  when  it  is  precipitated.  Diazo-amidoben- 
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zene  crystallizes  in  golden  yellow  scales,  melts  at  91°,  and  deton- 
ates at  a  higher  temperature.  It  is  insoluble  in  water,  but  is 
dissolved  easily  by  ether,  benzene,  or  hot  alcohol. 

Diazo-amidobenzene  does  not  readily  unite  with  acids,  though  a 
chloroplatinate  is  obtainable.  By  nitric  acid  containing  nitrous 
acid,  diazo-amidobenzene  is  converted  into  diazobenzene  nitrate; 
by  strong  hydrochloric  acid  into  aniline  hydrochloride,  phenol, 
and  nitrogen. 

Amidoazo-Compounds. 

When  diazo-amidobenzene  is  heated  in  the  dry  state  in  presence 
of  aniline  and  a  little  aniline  hydrochloride,  it  undergoes  a  mole- 
cular transformation  into  amido-azobenzene  or  aniline  yel- 
low, identical  with  the  body  obtained  by  the  reduction  of  nitro-azo- 
benzene:'-C,H,.N,.NH(C.H,)  =  C,H,.N,.CeH.(NHJ. 

It  is  important  to  notice  the  leading  differences  between  diazo- 
amidobenzene  and  the  metameric  body  amido-azobenzene.  Thus 
the  latter  is  a  well-defined  base,  which  on  heating  with  an  acid 
forms  a  salt  which  gives  a  red  color  to  the  aqueous  solution;  while 
the  former  when  similarly  treated  is  decomposed  in|jO  phenol, 
nitrogen,  and  aniline  (hydrochloride). 

If  (instead  of  aniline)  a  solution  of  meta-phenylenediamine^  be 

*  Diazobenzene  chloride  reacts  with  the  secondary  monamines  to  form  diazo- 
amido-substitution  products.  Thus  with  diethylamine,  diethyldiazo-amido- 
benzene  results:  — CgHs.N^.a  -|-  HN(C2H5)2  =  CeHs.N^.NCCjHs)^  +  HCl. 
With  a  tertiary  monamine  a  different  reaction  results,  a  substituted  amidoazo- 
compound  being  formed.  Thus  diazobenzene  chloride  and  dimethylaniline  give 
the  hydrochloride  of  dimethyl-amido-azobenzene  CgHg. Nj. CI  +  CeHjN  (€113)2  = 
C6H5.N2.CgH4.N(  0113)2. HCl.  The  primary  amines  of  naphthalene  react  in  a 
similar  manner. 

^  Meta-phenylenediamine,  C6H4(NH2)2,  may  be  obtained  by  the  reduction 
of  dinitrobenzene,  C6H4(N02)2,  produced  by  treating  benzene  with  a  mix- 
ture of  fuming  nitric  and  strong  sulphuric  acids.  250  grammes  of  iron  filings  are 
shaken  in  a  flask  with  15  c.c.  of  hydrochloric  acid,  50  grammes  of  dinitrobenzene 
are  then  thoroughly  mixed  with  the  filings,  and  boiling  water  added.  A  violent 
action  occurs,  which  must  be  maintained  by  the  gradual  addition  of  another  50 
grammes  of  dinitrobenzene,  and  the  reaction  is  completed  by  boiling  the  liquid 
for  a  few  minutes.  The  solution  is  then  made  alkaline  by  adding  lime,  filtered, 
and  the  phenylenediamine  extracted  from  the  filtrate  by  agitation  with  ether. 

Phenylenediamine  melts  at  63°  and  boils  at  287°  C.  It  is  sparingly  soluble  in 
water,  but  very  soluble  in  alcohol  and  ether.  Its  solutions  are  alkaline,  and  it 
behaves  as  a  di-acid  base,  the  hydrochloride  being  C6H4(NHo)2,2HCl. 

Ortho-  and  para-phenylenediamine  do  not  react  with  diazobenzene  compounds. 
(See  Vol.  Ill,  pt.  II,  p.  86.) 
10 
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poured  into  a  very  dilute  solution  of  diazobenzene  chloride,  the 
hydrochloride  of  diarnido-azobenzene  or  chrysdidine  sepa- 
rates as  a  sparingly  soluble  precipitate: — CgHj.Ng.Cl  +  CgH4(NH2) 
+  C,H,.N,C,H3(NH,),HC1. 

On  adding  potassium  nitrite  to  a  solution  of  a  neutral  salt  of 
meta-phenylenediamine,  a  brown  precipitate  (or  in  very  dilute  so- 
lutions, a  brown  coloration)  is  produced,  which  is  due  to  the  for- 
mation of  triamido-azobenzene  or  phenylene-brown,  CgH^- 
(NH,).N,.C,H3(NH,),. 

Thus  the  three  amido-azobenzenes  are  related  to  each  other  in 
the  following  manner: — 

Amido-azobenzene^  or  aniline-yellow  base,  CgH5.N2.CgH4(NH2). 
DiAMiDO-AzoBENZENE,  or  chrysoidinc  base,  CgH5.N2.CgH3(NH2)2. 

'''errowTbTs"'  "P'^"^'}  CeH.(NH.).N..CA(NH.).. 

Diamidoazo  Compounds.  When  an  acid  radical  or  ben- 
zylidine  is  substituted  for  the  amido  group  in  the  para-amidoazo 
bodies,  subsequent  nitration  will  cause  the  nitro  group  to  enter  the 
other  aromatic  nucleus  in  the  para-position  to  the  azo  group.  By 
reduction  and  splitting  off  of  these  nitro  compounds  para-diamido- 
azo  bodies  are  obtained.  By  this  method  diamidoazo-toluol  may 
be  produced.  It  melts  at  100°,  is  readily  soluble  in  dilute  acids, 
alcohol  and  benzol,  rather  soluble  in  hot  water,  giving  nice  crys- 
tals on  coohng. 

Aniline  Yellow,  CgH^.  ^2- CeH,.  NH2,  HCl,  also  called  spirit- 
yellow,  is  the  hydrochloride  of  amido-azobenzene,  and  can  be 
obtained  by  mixing  dilute  aqueous  solutions  of  azobenzene  chloride 
and  aniline.  In  the  pure  state  it  forms  bluish-violet,  lustrous 
needles,  soluble  in  water  with  a  yellow  color  turned  to  a  fine  red  by 
acids.  In  strong  sulphuric  acid  it  dissolves  with  a  brown  color, 
becoming  red  on  dilution.  On  heating  the  aqueous  solution  of 
aniline  yellow,  the  free  base  is  precipitated.  Free  amido-azoben- 
zene is  also  completely  precipitated  from  its  salts  by  ammonia, 
and  may  then  be  taken  up  by  agitation  with  ether.  In  the  pure 
state  it  forms  yellow  crystals,  which  melt  at  120°  and  volatilize 
unchanged.  It  is  insoluble  in  water,  but  soluble  in  alcohol.  Acid 
solutions  dye  silk  red,  the  salt  itself  being  taken  up,  but  on  wash- 
ing with  water  the  salt  is  decomposed  and  the  base  imparts  a 
yellow  color  to  the  fibre.  Aniline  yellow  is  not  fast,  and  easily 
volatilizes  when  the  fibre  is  steamed.    Hence  it  is  not  now  used  as 
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a  dye,  but  forms  the  starting  point  in  the  "manufacture  of  other 
anihne  colors  and  of  indulines. 

Chrysoidine,^  CgH^.N^.CgHgCNHJ^.HCl,  is  the  hydrochloride  of 
diamido-azobenzene  (page  146).  It  is  formed  when  an  aqueous 
solution  of  metaphenylenediamine  is  poured  into  a  very  dilute  so- 
lution of  diazobenzene  chloride.  It  usually  occurs  in  the  form  of  a 
reddish-brown  crystalline  powder,  or  blackish-green  or  dark  violet 
crystals  having  a  metallic  reflex.  It  is  soluble  in  boiling  water 
and  absolute  alcohol.  The  hot  concentrated  solution  forms  a 
gelatinous  blood- red  mass  on  cooling.  The  brown  or  orange- 
colored  aqueous  solution  is  turned  red  by  excess  of  hydrochloric 
acid,  dyes  wool  orange-yellow,  and  gives  with  alkalies  a  bright 
yellow  precipitate  of  the  free  base,  melting  at  117.5°  C,  and  ^ 
slightly  soluble  in  water,  readily  in  alcohol  and  ether.  Strong 
sulphuric  acid  dissolves  chrysoidine  with  reddish-brown  or  orange 
color,  which  turns  almost  scarlet  on  heating  (distinction  from 
phosphine),  and  cherry-red  on  dilution.  Chrysoidine  is  used  in 
combination  with  safranine  to  produce  a  scarlet^  on  mordanted 
cotton. 

Dimethyl- AMiDO-AzoBENZENE,  (CgH5.N2.CgH4.N(  0113)2,  some- 
times called  butter  yellotv,  is  the  dimethyl- derivative  of  aniline 
yellow.  When  pure,  it  crystallizes  in  small  yellow  plates,  melting 
at  115°  C,  and  its  hydrochloride  forms  purple-red  hair-like 
needles.  It  is  insoluble  in  water,  but  dissolves  with  red  coloration 
in  hydrochloric  acid,  from  which  sodium  hydrate  throws  down  an 
orange  yellow  precipitate  of  the  base;  soluble  in  strong  sulphuric 
acid  with  yellow  color,  turning  red  on  dilution.  Its  alcoholic 
solution  has  been  recommended  byB.  Fischer  (Analyst,  x.  152) 
as  an  indicator  in  alkalimetry,  in  preference  to  methyl-orange, 
which  is  the  ammonium  ffalt  of  its  sulphonic  acid.  It  is  chiefly 
used  for  coloring  butter  and  oils. 

Phenyl- AMiDO-AzoBENZENE,  CgHg.N^.CgH^.NHCCgHJ,  is  pro- 
duced by  acting  on  diphenylamine  by  diazobenzene  chloride  in 
alcoholic  solution.    It  crystallizes  in  golden  yellow  prisms,  soluble 

*  Chrysoidine  has  the  peculiar  property  of  precipitating  cholera  bacilli  quanti- 
tatively from  solutions  in  which  they  are  held  in  suspension.  Other  azo-com- 
pounds  do  not  possess  this  property.  As  a  disinfectant  in  this  respect  it  occupies 
a  position  half-way  between  mercuric  chloride  and  phenol. 

'A  mixture  of  chrysoidine  and  safranine  is  sometimes  sold  as  Cotton 
Scarlet.  Chrysoidine  Kisa  homologue  of  the  above  derived  from  ortho- 
toluidine  and  metatolylenediamine. 


148 


DYES  AND  COLORING  MATTERS. 


in  alcohol,  ether,  benzene,  and  ligroin,  but  insoluble  in  water; 
melting  point  82°  C.  Acids  color  the  alcoholic  solution  violet  and 
precipitate  the  salt  as  grey  crystals.  Concentrated  sulphuric  acid 
dissolves  it  with  a  green  color,  which  is  changed  to  violet  on  dilu- 
tion with  water.  Amyl  nitrite  converts  it  into  a  nitrosamine 
melting  at  119.5°  C.  By  reducing  agents  it  is  converted  into 
aniline  and  para-amidodiphenylamine. 

Hydroxy- Azo-Compounds. 

When  potassium  phenate  is  added  to  a  solution  of  diazobenzene 
nitrate,  hydroxy-azobenzene  is  produced  according  to  the 
following  reaction: — 

C,H,.  N :  N.  NO3  +  C,H,.  OK  =  C,H,.  N :  N.  C,H,.  OH  +  KNO3. 

The  same  body  results  from  the  reaction  of  amido-azobenzene 
with  nitrous  acid,  or  when  azobenzene-sulphonic  acid  is  fused  with 
caustic  potash.  The  corresponding  derivatives  of  resorcinol,  naph- 
thol,  etc.,  can  be  obtained  by  similar  means. 

Hydroxy-azobenzene,  or  Phenol-azo-benzene,  CgHg.  N^.  CgH^. 
OH,  is  best  prepared  by  dissolving  30  parts  of  potassium  nitrite  in 
4000  parts  of  water,  and  adding  the  solution  to  20  parts  of  phenol 
and  20  of  aniline  nitrate  dissolved  in  2000  parts  of  cold  water. 
The  liquid  is  filtered  after  a  few  hours,  and  the  precipitate  treated 
with  ammonia,  which  leaves  resinous  matter  undissolved.  The 
hydroxy-azobenzene  is  precipitated  from  the  filtered  liquid  by 
hydrochloric  acid. 

Hydtoxy-azobenzene  crystallizes  in  yellowish-red  rhombic 
prisms,  melting  at  152-154°  C.  It  is  only  slightly  soluble  in  water, 
but  readily  in  alcohol.  It  has  marked  acid  characters,  is  readily 
soluble  in  alkalies,  and  forms  a  series  of  metallic  salts.  The  silver 
compound  is  a  yellow  precipitate  which  detonates  at  100°. 

Hydroxy-azobenzene  is  not  employed  as  a  coloring  matter,  but 
itssulphonate  has  been  used  under  the  name  of  Tropceolin  Y. 

Meta-dihydroxy-azobenzene,  or  Resorcinol-azo-benzene, 
CgH5.N2.CgH3(OH)2.  This  body  is  formed  by  the  action  of  diazo- 
benzene nitrate  on  an  alkaline  solution  of  resorcinol.  It  forms 
red  needles,  melts  at  168°,  and  is  readily  soluble  in  alcohol.  In 
commerce  it  occurs  as  a  brown  powder  under  the  name  of  Soudan 
G.  It  is  partly  soluble  in  hot  water,  with  yellow  color,  the  solu- 
tion giving  a  bright  brown  precipitate  with  hydrochloric  acid.  In 
alkalies  it  is  soluble  with  brown  color,  and  with  concentrated  sul- 
phuric acid  it  yields  a  yellowish-brown  solution,  giving  a  brown 
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precipitate  on  dilution.    It  is  used  for  coloring  oils  and  varnishes. 

The  acid  potassium  and  sodium  salts  of  the  sulphonicacid 
of  resorcinol-azobenzene  occur  in  commerce  under  the  name  of 
Chyrsdin,  Tropoeolin  0  or  R,  etc. 

Betanaphthol-azo-benzene,  CgHg.Ng.CjoHg.OH^.  Obtained  by 
the  action  of  diazobenzene  nitrate  on  an  alkaline  solution  of  beta- 
naphthol.  Under  the  name  of  Soudan  I,  it  occurs  in  commerce  as 
a  brick-red  powder,  insoluble  in  water,  but  soluble  in  alcohol  with 
yellow  color.  Concentrated  sulphuric  acid  dissolves  it  with  ma- 
genta-red color;  and  on  dilution  the  solution  gives  an  orange-yel- 
low precipitate.  It  is  chiefly  employed  for  coloring  oils  and  var- 
nishes. 

The  sodium  salt  of  the  corresponding  sulphonicacid  forms 
the  coloring  matter  known  as  Orocein  orange  or  ponceau  4-  BG. 

Soudan  II  is  homologous  with  Soudan  I,  being  produced  by  the 
action  of  a  diazoxylene  compound  on  betanaphthol.  ^  It  is  also 
called  Red  and  is  used  for  coloring  oils  and  varnishes.  It  is 
insoluble  in  water,  but  soluble  in  alcohol  with  an  orange  color.  It 
dissolves  in  concentrated  sulphuric  acid  to  a  magenta-red  solution, 
which  gives  a  pale  yellow  precipitate  on  dilution  with  water. 

Alphanaphthol-azo-naphthalene,  Cj^H^.Ng.CioHg.OHa,  occurs 
in  commerce  under  the  name  of  Soudan  brown  or  Pigment  brown. 
It  is  an  insoluble  brown  powder,  dissolving  sparingly  in  dilute  al- 
kalies. In  concentrated  sulphuric  acid  it  dissolves  with  blue  col- 
oration, a  brown  precipitate  being  produced  on  dilution  with  water. 
It  is  soluble  in  alcohol,  and  is  used  for  coloring  soaps  and  oils. 

Carminaphtha  is  a  coloring  matter  isomeric  with  Soudan  brown, 
being  produced  by  the  reaction  of  diazotized  betanaphthylamine 
on  an  alkaline  solution  of  betanaphthol.  It  is  a  reddish-brown 
powder,  insoluble  in  water,  but  soluble  in  alcohol.  It  dissolves  in 
strong  sulphuric  acid  to  form  a  magenta-red  solution,  which  on 
dilution  gives  a  brownish-red  precipitate. 

Sulphonated  Azo-Compounds. 

The  amido-  and  hydroxy-derivatives  of  azobenzene  and  its  ana- 
logues have  marked  dyeing  properties,  but  owing  to  their  sparing 
solubility  in  water  it  is  found  convenient  to  sulphonate  them. 
This  is  effected  by  treatment  with  fuming  sulphuric  acid;  or,  in- 
stead of  sulphonating  after  diazotizing,  which  lessens  the  yield  of 
coloring  matter,  the  aniline  or  other  amine  is  first  sulphonated  and 

*  Soudan  III  is  the  commercial  name  of  a  coloring  matter  of  the  tetrazo-class. 
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then  diazotized,  and  the  diazo-sulphonic  acid  formed  is  then  caused 
to  react  with  other  amines  or  phenols,  according  to  the  charac- 
ter of  the  dye  required.  In  this  manner  sulphanilic  acid, 
CgH,(S03H)p.NH2,'  and  naphthionic  acid,  C.oHgCSOgH)". 
NH/,  form  the  starting  points  of  important  series  of  azo-coloring 
matters.  When  diazotized,  these  two  bodies  are  converted  re- 
spectively into  diazobenzene-sulphonic  acid  (page  144) 
and  diazonaphthalene-sulphonic  acid.  By  the  reac- 
tion of  the  former  of  these  with  aniline,  acid  yellow  is  obtained, 
while  with  dimethyl-aniline  helianthin  is  the  product.  With  phe- 
nol in  alkaline  solution,  the  sodium  salt  of  phenyl-diazobenzene- 
sulphonic  acid  is  obtained,  known  commercially  as  tropoeolin  Y; 
with  resorcinol  the  analogous  chrysdin  ortropceolin  0  results;  alpha- 
naphthol  gives  PQirrier's  orange  I,  or  tropseolin  000  No.  1 ;  while 
betanaphthol  yields  Poirrier' s  orange  II  or  mandarin. 

In  the  case  of  the  foregoing  colors  it  is  always  the  amine  which 
is  sulphonated.  On  the  other  hand,  if  the  phenol  be  first  sulpho- 
nated,  and  then  caused  to  react  on  a  diazotized  chloride,  bodies 
are  obtained  which  are  isomeric  with  the  former,  but  possess  very 
different  coloring  and  other  properties.  Crocein  orange  (page  149) 
is  a  dye  of  this  class. 

Tropoeolins.    Yellow  and  Orange  Sulphonated  Azo-Dyes. 

When  diazobenzene-sulphonic  acid  (obtained  by  mixing  solu- 
tions of  sulphanilic  acid  and  sodium  nitrite)  acts  on  amides  or 
alkaline  solutions  of  phenols,  a  series  of  coloring  matters  are  ob- 
tained, ranging  from  yellow  to  deep  orange,  and  called  t  r  o  p  se  o  - 
1  i  n  s,  because  the  shades  of  color  they  produce  resemble  those  of 
the  flowers  of  Tropseolum  majus.  They  usually  occur  in  commerce 
as  sodium  salts,  and  are  distinguished  according  to  their  shades, 
tropseolin  Y  being  the  most  yellow,  and  then  tropseolins  0,  00, 
and  so  on,  as  the  shade  becomes  redder. '-^  The  shade  of  color  be- 
comes redder  by  the  substitution  of  toluene,  xylene,  or  cumene 
for  benzene,  and  hence  some  of  the  higher  homologues  are  consid- 
ered in  the  section  on  ' '  azo-reds. ' ' 

The  following  is  a  list  of  the  yellow  and  orange  dyes  of  this 
class  of  commercial  importance: — 

» See  Vol.  Ill,  pt.  II,  p.  49. 

A  valuable  paper  by  O.  Muhlhauser,  on  the  manufacture  of  the  orange  azo- 
dyes,  will  be  found  in  the  Jour.  Soc.  Dyers  and  Colorisls,  iii.  135. 
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Commercial 
Name. 

Chemical 
Name  or 
Nature. 

Formula. 

Remarks. 

Amido-Azo- 
Dyes. 
Acid  yellow. 
Fast  yellow. 
Acid  yellow  G. 
Fast  yellow  G. 
Fast  yellow 

extra. 
New  yellow  L. 
Jaune  acide. 

Mixture  of 
sodium  ami- 
doazobenzene 
disulphonate 
with  sodium 
amido-azo- 
benzene  mono- 
sulphoiiate. 

S 

r 

u 

03N 

_N=N- 
a 

/^ 
\y 

SOjNa 

Fast  yellow  R. 
Fast  vellow. 
Yellow  W. 

Sodium  salt 
of  amidoazo- 
toluene  disul- 
phonic  acid. 

S 

/^ 

\y 

_N-N— 
CH3 

/\ 

\J 
NH 

CH3 

SOaNa 
2 

Helianthin. 
Methyl  orange 
Poirrier's 

orange  III. 
Dimethylani- 

line  orange. 
Tropaeolin  D. 

Sodium  salt 
of  p  a  r  a  s  u  1- 
phoben  z  e  n  e- 
a  z  o  d  imethyl- 
aniline. 

Q 

/\ 
\y 

-N-N- 

/\ 

\^ 

N(C 

D  i  p  h  e  n  y  1  a- 
mine  yellow. 

Ora  n  era  T  V 

Tropfeolin  00. 
Orange  M. 
Fast  yellow. 
Orange  GS. 
New  Yellow. 
Orange  W. 
Acid  yellow 

K  or  Na  salt 
of  diphenyl- 
a  m  1  n  e  -  a  z  o- 
benzene-para- 
su 1 pho  n  i  c 
acid. 

Q 

— N=N- 

1 

/N 
\> 

rr 

M  e  t  a  n  i  1  yel- 
low.« 
Orange  MN. 
Tropaeolin  G. 

Na  salt  of 
diphenyl- 
amine-azo- 
benzene-meta- 
su 1 p  honic 
acid. 

1 

1 

r\ 
V 

— N=N- 
SOsNa 

N] 

/\ 
a.Ce 

Hs 

Fast  yellow  N. 
Curcumein. 
Yellow  00. 

Na  salt  of  di- 
phenylamine- 
azo-to  1  u  e  n  e- 
s  u  Iphonic 
acid. 

< 

/\ 

DH3 

-N=N- 
SOsNa 

NE 

^5 

Two 
isomers 
occur. 

^  Brilliant  yellow  S  is  the  sodium  sulphonate  of  orange  IV. 

2  The  sulphonic  acid  of  metanil  yellow  is  known  as  meianil  yellow  S. 
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Commercial 
Name. 

Chemical 
Name  or 
Nature. 

Formula. 

REMARKS. 

Amido-Azo- 
Dyes. 
Azoflavine. 
Azo-yellow. 
Azo-acid-y  e  1- 

low. 
I  n  d  i  a  n  y  e  1- 

low.^ 

A  mixture  of 
nitro  -  deriva- 
tives  of  di- 
phenylamine. 

Hydxoxy-Azo- 
Dyes. 

Tropseolin  R 
or  O.'* 

Resorcin  yel- 
low. 

Chrysoin. 

Chryseolin. 

Yellow  T. 

Gold  yellow. 

Acme  yellow. 

Na  salt  of 
R  e  s  o  r  c  i  nol- 
azobe  n  z  e  n  e- 
para-sulphonic 
acid. 

& 

\y 

03N 

— N=N— 
a 

OH 

OH 

Seldom 
met  with. 

T  r  o  p  seo  1  i  n 
000  No.  2.^ 

Orange  II. 

/5-Naphthol 
orantje. 

Mandarin  G. 

Chrysaurein. 

Gold  orange. 

Orange  extra. 

Atlas  orange. 

Na  salt  of 

azobenzene- 
para-sulpho- 
nic  acid. 

S 

/\ 

— N=N— 
HO 

/\ 

u 

Crocein 

orange. 
Brilliant 

orange. 
Orange  GRx. 
Ponceau  4GB.* 

Na '  salt  of 
Benzene-a  z  o- 
betanaphthol- 
sulpnonie 
acid. 

/\ 

— N=N— 
HO 

\y 

u 

SOgNa. 

Orange  G. 
Orange  yellow 
Orange  GG.« 

Na  salt  of 
Benzene-a  z  o- 
betanaphthol- 
disulphonic 
acid  G. 

/\ 

0 

— N=N— 
HO 

/\ 

S( 

DaNa 
SOsNa 

Homologues 
are  red. 

*By  the  action  of  nitric  acid  on  diphenylamine  yellow,  Curcumein  {new  yellow,  citronin) 
is  first  formed;  then  by  further  action  azo-acid  yellow. 

'  Tropxolin  Y,  the  sodium  salt  of  phenol-azo-benzene-para-sulphonic  acid  is  obsolete. 

3  Orange  I,  Tropccolin  000  No.  1,  Svlphanaphthol  Orange,  Naphthol  Orange  or  Orange  B, 
the  corresponding  dye  from  a-naphthol,  is  obsolete.  Orange  R,  Mandarin  G  R,  Orange  T, 
or  Kermesin  Orange  and  Orange  £  R,  are  homologues  of  Orange  II,  being  derived  from 
toluidine  and  xylidine  respectively,  instead  of  from  aniline. 

*  TropaioHn  0000,  the  corresponding  dye  from  a-naphthol,  is  obsolete.  Orange  GT,  or 
Orange  RN  and  Scarlet  GR  or  Scarlet.  R  are  homologues  prepared  respectively  from  tolu- 
idine and  xylidine  instead  of  anilin. 

«  Ponceau  z  G  is  isomeric  with  Orange  G,  and  Ponceau  O  T  and  J2  T  are  homologues 
from  toluidine. 
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Commercial 
Name. 

Chemical 
Name  or 
Nature. 

Formula. 

Remarks. 

Hydroxy-Azo- 

Dyes. 
Orange  No.  3 

(not  Helian- 

thin). 

Na  salt  of 
Meta-nitro- 
benzene-a  z  o- 
betanaphthol- 
disul  phonic 
acid. 

S^SOaNa 

Not  often 
met  with. 

Alizarin  yel- 
low GG. 

Metanitro- 
benzene-a  z  o- 
salicylic  acid. 

C.H.{[?J&-(l)C.H3{f3)Oo«H 

Though  re- 
quiring  a 
mordant,  is 
not  a  true 
alizarine. 

Alizarin  yel- 
low R. 

Para  n  i  t  r  o- 
benzene-azo- 
salicylic  acid. 

Lancaster  yel- 
low. 

D  i  n  i  t  r  o- 
phenol-azo- 
phenol. 

((NO,), 
CeH  J  OH 

tN=N-C6H4.0H 

Obsolete. 

Milling  yel- 
low. 

Sodium  salt 
of  sulphonaph- 
thalene-azo- 
salicylic  acid. 

Used  with 
chrome  mor- 
dant. 

Yellow-fast-to- 
soap. 

Sodium  salt 
of  m  e  t  a-c  a  r- 
boxylbenzene- 
azodiphenyl- 
amine. 

P  TT  f  (3)C02Na 

\  (l)N=N-(l)CeH4(4)NH.CeH5 

Dyed  from 
a  soap  bath. 

Clayton  yel- 
low. 

Thiazol  yel- 
low. 

Turmerin. 

Sodium  salt 
of  the  d  i  a  z  o- 
amido  com- 
pound of  de- 
hydrothio- 
toluidine  sul- 
phonic  acid. 

f(4)CH3 
Ce«3|(l)N^C(4)CeH3 

l(4)CH3 

/  SOgNa 
1(1)N 

fNH.N 
I  SOgNa 

Oriol  yellow. 
Alkali  yellow. 
Cotton  yellow 
R. 

Sodium  salt 
of  primuline- 
azo-sali  c  y  1  i  c 
acid. 

P-N=N-(4)CeH3{g5gHj,^ 
(P=radical  of  primuline.) 

Persian  yel- 
low. 

N  i  t  r  o-com- 
pound  of  para- 
t  o  1  u  e  ne-azo- 
salicylic  acid. 

p  g  (CH3  (OH 

U0,(?) 

Narcein. 

Sodium  bi- 
sulphite com- 
pound of  para- 
s  u  1  p  h  o-ben- 
zene-azobeta- 
naphthol. 

P  H  /  (4)S03Na 

1  (1)NH— N(S03Na)— (l)CxoH6(2)OH 
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The  following  table  shows  the  general  character  and  reactions  of 
the  more  important  orange  and  yellow  sulphonated  azo-dyes: — 


Products  formed 
ON  Reduction 
WITH  Zinc  and 
Hydrochloric 
Acid. 

Sulphanilic  acid 
and  para-diamido- 
benzene. 

Sulphauihc  acid 
and  dimetliyl- 
para-di-amido- 
benzene. 

Sulphanilic  acid 
and  para-amido- 
di-phenylamine. 

Amidobenzene- 
meta-sulphonic 
acid    and  para- 
amido-di-phenyl- 
amine. 

Reaction  op  Solid  Dye 
WITH  Sulphuric  Acid. 

On  Dilution 
with  Water. 

Orange- 
yellow. 

Magenta-red. 

Carmine-red. 

Reddish- 
violet  with 
slate-grey 
precipitate. 

Magenta-red. 

Violet  with 
steel-blue 
ppt. 

With 
Strong 
Acid. 

Brown- 
ish- 
yellow. 

Yellow- 
ish- 
brown, 

Yellow 
or  red- 
dish 
brown. 

Violet. 

Dirty 
violet. 

Bluish- 
green. 

Behavior  op  Aqueous  Solution  with  Reagents. 

With 
Calcium 
Chloride. 

No  precipi- 
tate. 

Precipitate. 

Sparingly 
soluble 
ppt. 

With 
Barium 
Chloride. 

Precipi- 
tate. 

Precipi- 
tate. 

Sparingly 
soluble 
ppt. 

Yellow 
crystal- 
line ppt. 

On  adding 
Hydrochloric 
Acid. 

Yellow  ppt. 
soluble  in  ex- 
cess with  red- 
dish -  yellow 
or  cherry-red 
color. 

Magenta-red. 

Red-violet; 
crystalline 
ppt.  in 
strong  solu- 
tion. 

Red  color;  or 
violet  pre- 
cipitate. 

Precipitate 
and  crimson- 
red  color. 

Violet  or  steel- 
blue  ppt. 

On  adding 
Caustic 
Soda. 

No  change. 

No  change. 

No  change; 
orange 
ppt, 

No  change. 

No  change. 

Yellow 
ppt. 

Color 
OF  Aque- 
ous Solu- 
tion. 

Yellow. 

Yellow.  1 

Orange. 

Yellow. 

Orange. 

Yellow. 

Character 
OF  Solid 
Dye  of 
Commerce. 

Yellow 
powder. 

Brownish- 
yellow 
powder. 

Orange- 
yellow 
powder. 

Orange- 
yellow 
crystalline 
powder. 

Brownish- 
yellow 
powder. 

Orange-red 
sparingly 
soluble. 

Commercial 
Name  of 
Dye. 

AmDO-AZO- 

Dyes. 
Acid  yellow. 

Fast  yellow 
R. 

Helianthin; 
Methyl 
orange. 

Diphenyl- 
amine 
yellow. 

1 

Metanil  yel- 
low. 

Orange  N. 

AMIDO-AZO-DYES. 
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Products  formed 
ON  Reduction  with 
Zinc  and  Hydro- 
chloric Acid. 

Sulphanilic  acid  and 
amido-phenol. 

Sulphanilic  acid  and  | 
amido-resorcinol. 

Sulphanilic  acid  and 
amido-alphanaph- 
thol. 

Sulphanilic  acid  and 
amido-betanaph- 
thol. 

Aniline,  amido-beta- 
naphthol,  and  sul- 
phuric acid,  1 

Aniline,  amido-beta- 
naphthol,  and  sul- 
phuric acid. 

w  . 
OG 

O  a- 

o  ^ 

Red  and 
brown  yel- 
low ppt. 

No  change. 

Reddish- 
yellow. 

Brown  precip- 
itate; follow- 
ed by  orange 
solution. 

Brownish-yel- 
low precipi- 
tate. 

Yellow-brown 
precipitate. 

Unchanged. 

Reaction 
with  Sul: 

With 
Strong 
Acid. 

Reddish- 
violet. 

Brownish- 
yellow. 

Orange- 
yellow. 

Violet. 

Carmine- 
red. 

Orange- 
yellow. 

Orange 
yellow. 

5R  OF  Aqueous  Solution  with  Reagents. 

With  Calcium 
Chloride. 

No  precipitate. 

Red  precipi- 
tate. 

Yellow  ppt., 
becoming 
dirty  red  and 
crystalline 
on  boiling 
with  water. 

Orange  scales. 

With 
Barium 
Chloride. 

Sparingly 
soluble 
crystal- 
line ppt. 

Sparingly 
soluble 
crystal- 
line pre- 
cipitate. 

On  adding 
Hydrochloric 
Acid. 

Reddish- 
vioJet  or 
brownish. 

No  change. 

No  change. 

Yellow-brown 
flakes. 

Brownish-yel- 
low ppt.  in 
strong  solu- 
tions only. 

Yellow-brown 
precipitate. 

Not  changed. 

Behavk 

On  adding 
Caustic 
Soda. 

Yellow- 
brown 
color. 

No  change. 

Reddish- 
brown. 

Red- 
brown. 

Changed 
to  brown- 
red. 

Changed 
to  brown. 

Color 
OF  Aque- 
ous Solu- 
tion. 

Yellow. 

Reddish- 
yellow. 

Orange. 

Orange. 

Orange. 

Reddish- 
yellow. 

Character 
of  Solid 
Dye  of 
Commerce. 

Ochre- 
yellow 
powder. 

Brownish- 
yellow 
powder. 

Brown 
powder. 

Brick-red 
powder. 

Yellow-red 
powder. 

Yellowish- 
red  pow- 
der. 

Commercial 
Namk  of 
Dye. 

Amido-azo- 

Dyes. 
Azoflavine. 

Hydroxy- 
azo-Dyes. 
Tropseolin 

Resorcin 
yellow; 
Chrysoin. 

Orange  I; 
Naphthol 
yellow. 

Orange  II; 
/3-Naphthol 
yellow; 
Mandarin. 

Crocein 
orange. 

Orange  G. 
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Products 
formed  on  re- 
duction with 
Zinc  and  Hy- 
drochloric 
Acid. 

Nitraniline, 
amido-beta- 
naphthol,  and 
sulphuric 
acid. 

«  ^• 

9 

c,< 
^2 

O  Ph 

On  Dilution 
with  Water. 

Orange  ppt.; 
soluble  in  ex- 
cess of  water 
to  a  yellow 
solution. 

Yellow  ppt. 

Brown  ppt.  | 

% 
>. 

B 

Paler. 

Yellow  ppt. 

Brown  ppt. 

Evolves  SO2 
when 
warmed. 

Reaction 
with  Sui 

With 

Strong 
Acid. 

Orange- 
yellow. 

Orange- 
yellow. 

Orange- 
red. 

Reddish-  | 
yellow. 

Yellowish- 
red. 

Violet. 

Brownish- 
yellow. 

Scarlet. 

Orange. 

Yellowish- 
brown. 

Reagents. 

With  Calcium 
Chloride. 

Unchanged. 

Yellow-brown 
residue. 

Solution  with 

With  Barium 
Chloride. 

Unchanged. 

Yellow-brown 
residue. 

[OR  of  Aqueous 

On  adding 
Hydrochloric 
Acid. 

Orange- 
yellow  pre- 
cipitate, sol- 
uble in  much 
water. 

Yellow  ppt. 

Yellow  ppt. 

Brown  ppt. 

Reddish- 
violet. 

Orange  ppt. 

Yellow  ppt. 

Brown  ppt. 

No  change. 

Behav] 

On  adding 
Caustic 
Soda. 

Changed 
to  yel- 
lowish- 
brown. 

Orange 
yellow 
solution. 

Blood-red 
solution. 

Yellow- 
red. 

Orange. 

No  change. 

Orange 
ppt. 

Redder. 

Orange. 

Brownish- 
red. 

Color  of 
Aqueous 
Solution. 

Reddish- 
yellow. 

Yellow. 

Orange. 

Brownish- 
yellow. 

Yellow. 

Yellow- 
brown. 

Yellow. 

Orange. 

Yellow. 

Yellow. 

Character 

OF  Solid 
Dye  of^Com- 
merce. 

Red-brown 
powder. 

Yellow  paste 
or  powder. 

Brown 
paste. 

Dark-brown 
crystals. 

Yellow 
jKjwder. 

Brown 
paste. 

Yellow 
powder. 

Red  powder. 

Brownish- 
yellow 
powder. 

Orange 
powder. 

Commercial 
Name  of  Dye. 

Hydroxy- 
azo-Dyes. 

Orange  No.  3 
(not  Helian- 
thin). 

Alizarin  yel- 
low G  G. 

Alizarin  yel- 
low R. 

Lancaster  yel- 
low. 

Milling  yel- 
low. 

Yellow-fast- 
to-soap. 

Clayton  yel- 
low. 

Oriol  yellow. 

Persian  yel- 
low. 

Narcein. 

ACID  YELLOW. 
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The  best  way  of  effecting  the  reduction  of  the  yellow  or  orange 
azo-dyes  is  to  warm  the  solution  of  the  coloring  matter  with  zinc- 
dust  and  hydrochloric  acid,  the  action  in  an  ammoniacal  solution 
being  somewhat  slow.  Reduction  with  ammonium  sulphide,  in 
the  manner  described  on  page  116,  may  sometimes  be  conveniently 
employed. 

The  following  is  a  detailed  description  of  some  of  the  more  im- 
portant sulphonated  azo-yellows  and  oranges: — 

Acid  Yellow.  Fast  Yellow.^  (See  page  154. )  When  aniline 
is  heated  with  fuming  sulphuric  acid,  para-amidobenzene- 
sulphonicacid  (sulphanihc  acid)  is  obtained.  On  dissolving 
this  in  a  large  quantity  of  water  and  adding  sodium  nitrite  and 
hydrochloric  acid,  diazobenzene-sulphonic  acid  results. 
On  treating  the  solution  with  aniline,  removing  the  excess  of  the 
latter  by  h3^drochloric  acid,  and  adding  common  salt,  the  a  m  i  d  o- 
azobenzene-sulphonic  acid,  C6H^(S03H).N2.CgH^(NH2;, 
separates  as  a  yellow  precipitate,  and  forms  the  solid  yellow  S  of 
commerce.''  It  is  also  prepared  by  heating  aniline  yellow  with 
from  three  to  four  parts  of  fuming  sulphuric  acid.  The  commer- 
cial product  known  as  acid  yellow  is  prepared  by  dissolving  the 
the  sulphonic  acid  in  sodium  carbonate  and  precipitating  the  solu- 
tion by  common  salt.  The  potassium  salt  is  also  employed.  Acid 
yellow  is  a  yellow  powder,  readily  forming  a  yellow  solution  in 
water,  but  only  sparingly  soluble  in  alcohol.  On  acidulating  the 
aqueous  solution  with  hydrochloric  acid  the  free  sulphonic  acid  is 
thrown  down  in  the  form  of  minute  needles,  soluble  in  excess  of 
hydrochloric  acid  with  reddish-yellow  color,  appearing  crimson  in 
thin  layers,  the  change  being  probably  due  to  the  formation  of  a 
hydrochloride.  Acid  yellow  is  not  precipitated  by  ammonia  or 
fixed  alkalies,  nor  by  basic  lead  acetate.  It  is  precipitated  by 
barium  chloride,  but  not  by  calcium  chloride.  Sulphuric  acid 
dissolves  the  solid  dye  with  a  yellow  color.  Zinc-dust  decolorizes 
the  solution,  but  the  filtered  liquid  recovers  its  yellow  color  on 
exposure  to  the  air. 

Acid  yellow  is  used  for  dyeing  wool  and  silk,  but  it  is  not  often 
used  alone  for  pure  yellow  colors;  for  although  it  is  comparatively 

^Acid  yellow  G  (gelb)  is  a  derivative  of  amido-azobenzene.  The  homologue 
from  amido-azotoluene  is  somewhat  more  orange  in  shade,  and  is  known  as  acid 
yellow  R,  or  fast  yellow  R.  The  name  fast  yellow  is  also  applied  to  diphenylamine 
yellow  and  to  a  body  of  the  formula,  C6H4(COOH).N2.C6H4.NH(C6H5). 

^  Much  of  the  acid  yellow  of  commerce  contains  more  or  less  of  a  disulphonate. 
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fast  and  will  stand  steaming,  it  is  not  sufficiently  bright,  and  is 
sensitive  to  acids.  As  its  shade  does  not  incline  toward  the  red,  it 
is  well  adapted  for  use  in  compound  colors,  such  as  olive-  and 
moss-green,  and  browns,  where  it  replaces  the  natural  yellow  dye- 
stuffs,  it  being  as  fast  to  hght  as  the  best  of  the  latter.  Acid  yel- 
low is  also  used  extensively  for  the  manufacture  of  diazo-colors. 

Fast  Yellow  R  is  produced  in  a  manner  analogous  to  acid  yel- 
low, by  sulphonating  amidoazotoluene.  It  is  a  brownish-yellow 
powder,  giving  a  yellow  solution  with  water.  Its  application  is 
similar  to  acid  yellow,  but  its  shade  is  orange-yellow. 

Methyl  Orange.  Helianthin.  Poirrier' s  Tropseolin  D,  Orange 
III.^  Gold  Orange.  Mandarin  Orange.  (Page  154.)  These  names, 
among  others,  are  applied  to  the  ammonium  or  sodium  salt  of  d  i  - 
methyl-amido-azobenzene-sulphonicacid,  or  para- 
sulphobenzene-azodimethylaniline,  CgH4(S03H)(4).N2(l).CgH3.- 
^(0113)2(4),  a  body  produced  by  the  action  of  dimethyl-aniline 
on  diazobenzene-sulphonic  acid.  Helianthin  forms  an  orange-yel- 
low powder,  readily  soluble  in  hot  water,  but  only  sparingly  in  al- 
cohol. The  aqueous  solution  is  orange-yellow,  and  is  not  precipi- 
tated by  alkalies.  On  adding  hydrochloric  acid  to  a  hot,  concen- 
trated aqueous  solution,  the  free  sulphonic  acid  is  precipitated  in 
microscopic  needles,  which  soon  change  to  small,  strongly  lustrous 
plates  or  prisms  having  a  violet  reflection.  Concentrated  sulphuric 
acid  dissolves  helianthin  with  reddish  or  yellowish  brown  color, 
the  solution  appearing  yellow  in  thin  layers.  On  copious  dilu- 
tion, the  liquid  becomes  a  splendid  red.  With  most  reagents,  he- 
lianthin behaves  similarly  to  acid  yellow,  but  basic  acetate  of  lead 
throws  down  the  whole  of  the  coloring  matter  as  an  orange-yellow 
precipitate.  Sodium  chloride  or  magnesium  sulphate  added  to  a 
dilute  solution  of  helianthin  precipitates  a  coloring  matter  in 
microscopic  crystals. 

Silk  and  wool  when  immersed  in  an  acid  solution  of  helianthin 
are  dyed  a  fiery  orange.  The  dyed  fibre  is  turned  red  by  hydro- 
chloric acid,  and  yellow  by  strong  sulphuric  acid,  but  alkalies 
produce  no  change. 

Methyl-orange  now  receives  extensive  application  as  an  indicator 
in  alkalimetry.  The  yellow  color  which  it  imparts  to  aqueous  and 
alcoholic  liquids  is  changed  to  red  by  a  strong  acid,  but  is  wholly 

'  Orange  ITT  is  a  name  which  is  also  applied  to  a  coloring  matter  patented  by 
Roussin  and  Poirrier,  and  having  the  constitution  of  a  sodium  salt  of  metanitro- 
benzene-azobetanaphthol-disulphonic  acid  (see  page  156). 
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unaffected  by  weak  acids.  Thus  the  titration  of  sodium  carbon- 
ate by  sulphuric  or  hydrochloric  acid  can  be  effected  in  the  cold, 
if  helianthin  be  used  as  an  indicator  of  neutrality,  the  carbonic 
acid  liberated  having  no  effect  on  the  coloring  matter.^  Methyl- 
orange  may  be  employed  for  the  titration  of  aniline,  toluidine,  and 
quinoline,  as  these  give  an  alkaline  reaction,  whereas  their  salts 
are  neutral.  It  can  also  be  used  in  the  estimating  of  such  alka- 
loids as  morphine,  strychnine,  quinine,  cinchonidine,  and  atro- 
pine. 

The  following  acids  are  wholly  unindicated  by  methyl-orange, 
and  hence  the  base  of  their  salts  can  be  titrated  by  hydrochloric 
acid  in  the  cold  just  as  though  the  acids  were  absent: — carbonic, 
hydrocyanic,  hydrosulphuric,  arsenious,  silicic,  boric,  oleic,  stearic, 
palmitic,  carbolic,  etc.  With  oxalic,  acetic,  butyric,  succinic,  lac- 
tic, tartaric,  and  citric  acids  inaccurate  results  are  obtained,  but 
sulphuric,  hydrochloric,  and  nitric  acids  give  sharp  end-reactions. 
The  following  baits  are  neutral  to  methyl-orange,  and  hence  their 
formation  is  an  end-point  of  titrations  in  which  they  are  pro- 
duced:—Na.SA,  KaHSOg,  NaH^PO,,  CaH.CPOJ^,  NaH^AsO,, 
Kfirfi^.  Methyl-orange  can  be  used  to  detect  free  acid  in  alum, 
ferrous  sulphate,  cupric  chloride,  etc.  The  earthy  carbonates  in 
hard  water  (which  occasion  the  so-called  "temporary  hardness") 
may  be  at  once  determined  by  titrating  the  water  with  a  mineral 
acid  and  methyl-orange.'^ 

Ethyl-orange  is  preferred  by  Wieland  to  its  lower  homologue  as 
an  indicator  of  neutrality.  Lacmoid,  cochineal,  congo-red,  and 
dimethyl-amidoazobenzene  behave  much  like  helianthin. 

Methyl-orange  is  not  applicable  as  an  indicator  in  presence  of 
nitrous  acid  or  nitrites,  which  compounds  decompose  it. 

Diphenylamine  Yellow.  This  coloring  matter,  the  TropseoUn 
00^  of  M.  Witt,  and  Poirrier's  orange  MN^  also  known  as  gold- 

^  The  delicacy  and  applications  of  methyl-orange  and  other  indicators  in  volu- 
metric analysis  have  been  described  in  a  series  of  valuable  papers  by  R.  T. 
Thompson  ( Jour.  Soc.  Chem.  Ind. ) . 

^  A  mixture  of  methyl  orange  and  phenolphthalein  solutions  serves  as  an  excel- 
lent neutrality  indicator;  the  neutral  point  being  indicated  by  a  lemon-yellow 
color,  and  the  slightest  excess  of  either  acid  or  alkali  give  a  deep  pink  or  a  fine 
red  respectively. 

^  A  nitro-derivative  occurs  in  commerce  under  the  same  name.  When  the  solu- 
tion is  reduced  with  zinc  and  hydrochloric  acid  and  filtered,  the  filter-paper  is 
stained  brown.  The  solid  substance  deflagrates  and  gives  off  yellow  vapors  when 
heated  on  platinum  foil  (see  Azoflavine). 
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orange,  acid-yellow  Z),  diphenylamine-orange,  fast-yelloio,  and  Man- 
chester-yellow (Perkin)  is  a  phenylated  acid  yellow.  The  free  sul- 
phonic  acid  is  obtained  by  the  action  of  diazobenzene-sulphonic 
acid  on  diphenylamine.  The  diphenylamine  is  added  in  the  form 
of  powder  to  the  solution  of  the  diazobenzene  sulphonic  acid  (di- 
azotized  sulphanilic  acid)  and  the  mixture  agitated  for  some  hours, 
till  the  reaction  is  complete.  It  forms  steel-grey  needles,  very 
sparingly  soluble  in  water  with  pink  coloration.  It  is  a  powerful 
acid,  forming  well-defined  salts,  almost  all  of  which  are  remarka- 
ble for  their  insolubility.^  The  commercial  dye  is  a  potassium  or 
sodium  salt,  and  forms  an  orange-yellow  crystalline  powder,  or 
golden-yellow  dichroic  crystals,  often  arranged  in  the  form  of  a 
fan.  It  is  readily  soluble  in  hot  water,  but  only  very  sparingly  in 
cold  water  or  alcohol.  Very  small  quantities  of  mineral  salts  pre- 
cipitate it  from  its  solutions.  The  hot  aqueous  solution  is  yellow, 
and  unchanged  by  caustic  alkalies,  but  turned  reddish-violet  by 
hydrochloric  acid,  and  on  cooling  a  violet  precipitate  is  formed. 
Calcium  and  barium  chlorides  give  yellow  crystalline  precipitates. 
In  strong  sulphuric  acid,  the  dye  dissolves  with  violet  color,  be- 
coming redder  on  adding  w^ater,  while  a  slate-grey  precipitate  is 
produced. 

When  reduced  with  an  acid  solution  of  stannous  chloride,  tro- 
pseolin  00  yields  sulphanilic  acid  and  para-amido-diphenylamine, 
which  may  be  extracted  by  ether  after  adding  excess  of  caustic 
soda  to  the  solution. 

Diphenylamine  yellow  gives  a  fine  golden-yellow  on  silk  or  wool. 
The  fibre  is  turned  blue- violet  by  sulphuric  and  red-violet  by 
hydrochloric  acid. 

Tropseohn  00  may  be  substituted  for  methyl-orange  as  an  indi- 
cator in  alkalimetry,  a  faint  trace  of  strong  mineral  acid  turning 
the  dilute  solution  red,  while  carbonic  and  other  weak  acids  have 
no  effect.'^ 

Metanil  yellow  is  isomeric  with  diphenylamine  yellow.  Brilliant 
yellow,  acid  yellow  00,  yellow  N,  and  orange  N  are  names  given  to 
the  homologues  of  diphenylamine  yellow.  Two  distinct  isomers 
are  met  with. 

^The  trimethylamine  salt  is  the  only  one  easily  soluble  in  cold  water. 
The  aniline  salt  when  treated  with  an  excess  of  boiling  aniline  is  suddenly 
transformed  into  induline,  CigHisNg,  a  blue  coloring  matter  isomeric  with 
plienyl-amido-azobenzene. 

2  Tropseolin  000,  or  naphthol-azobenzene-sulphonic  acid,  behaves  in  a  precisely 
opposite  manner,  being  turned  red  by  a  trace  of  alkali. 
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Orange  II  is  produced  by  the  aqtion  of  betanaphthol  on  the 
diazo-compound  of  sulphanilic  acid.  It  is  not  sensitive  to  either 
acids  or  alkalies,  and  is  extensively  employed  in  wool-dyeing,  both 
as  a  self-color  and  in  compound  shades. 

Luteoline  is  a  higher  homologue  from  diazotized  metaxylidine- 
sulphonic  acid.  It  is  now  nearly  obsolete,  but  occurred  as  a  diffi- 
cultly soluble  orange-yellow  powder.  The  hot  aqueous  solution 
deposits  crystals  on  cooling,  gives  an  orange-yellow  precipitate  with 
soda,  and  a  violet  precipitate  with  hydrochloric  acid.  In  strong 
sulphuric  acid  the  dye  dissolves  with  yellowish-green  color,  a  vio- 
let precipitate  being  formed  on  dilution.  With  calcium  chloride, 
luteoline  gives  an  orange  precipitate,  which  on  boiling  becomes  red 
and  crystalline. 

Azoflavine  is  produced  by  the  nitration  of  diphenylamine  yel- 
low, and  is  a  mixture  of  more  or  less  mono-,  di-  and  tri-nitrodi- 
phenylamine  with  the  body  C6H,(S03H).N2.C,H,.NH(CeH,NO,). 
It  forms  an  ochre-yellow  powder,  soluble  with  difficulty  in  cold 
but  readily  in  hot  water.  The  aqueous  solution  is  yellow,  changing 
to  brownish  on  addition  of  hydrochloric  acid.  When  reduced  in 
ammoniacal  solution  it  becomes  yellow.  Barium  chloride  gives  a 
slightly  soluble  crystalline  precipitate,  but  no  change  results  with  , 
calcium  chloride.  The  solid  dye  dissolves  in  strong  sulphuric  acid 
with  magenta-red  color,  changing  to  yellowish-red,  with  a  yellow- 
ish-brown precipitate,  on  dilution  with  water.  When  heated  on 
platinum  foil  the  dye  forms  "Pharaoh's  serpents,"  and  gives  off 
yellow  vapors.  After  reduction  and  filtration,  brown  spots  are 
produced  on  the  filter  paper. 

Curciimeinj  Azoflavine  S  or  2,  Azo-yellow,  Citronine  B  or  2  B,  In- 
dian Yellow,  and  New  Yellow,  are  names  applied  to  varieties  of  azo- 
flavine. They  must  not  be  confounded  with  the  citronin  of  Brooke, 
Simpson,  and  Spiller,  or  with  curcumin  S  or  sun-yellow,  which  is  the 
sodium  salt  of  azo-oxystilbene-disulphonic  acid. 

Azo-Reds. 

The  scarlets,  ponceaus,  and  clarets  derived  from  azobenzene  and 
its  allies  are  among  the  most  important  of  the  coloring  matters 
from  coal-tar.  The  ready  production  and  fast  character  of  crocein 
scarlet  and  allied  dyes  seem  not  unlikely  to  cause  the  extinction  of 
the  cochineal  industry.  The  general  method  of  producing  the  azo- 
reds  may  be  exemplified  by  the  process  of  preparing  xylidine-red. 
For  this  purpose,  xylidine,  C^H3(CH3)2NTT2,  is  dissolved  in 
11 
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twice  the  quantity  of  hydrochloric  acid  necessary  to  combine  with 
it,  and  after  copious  dilution  of  the  liquid  with  ice-cold  water  a 
solution  of  the  calculated  quantity  of  sodium  nitrite  is  gradually- 
added  with  constant  stirring.  The  resultant  (neutral)  solution  of 
diazoxylene  chloride  is  allowed  to  flow  into  a  dilute  ammoniacal 
solution  of  sodium  betanaphtholdisulphonate,  when  ammonium 
chloride  and  xylidine-scarlet  or  sodium  xylene-azobeta- 
naphthol-alpha-disulphonate  are  produced : — 

C,H3(CH3),.N,.C1+  C,oH,(S03Na),.OH/5  +  NH3 
=  NH.Cl  +  C,H3(CH3),  N,  C,,H,(S03Na),  OH/3. 

After  standing,  the  liquid  is  boiled,  filtered  from  resinous  mat- 
ter, and  the  coloring  matter  precipitated  by  addition  of  salt/ 

The  following  table  contains  a  description  of  some  of  the  more 
important  azo-dyes  of  which  xylidine-scarlet  is  the  type.  The 
commercial  names  of  the  dyes  are  often  confusingj  the  same 
chemical  compound  receiving  different  names  from  its  several 
makers,  while,  on  the  other  handj  identical  or  very  similar  names 
are  commercially  used  to  distinguish  dyes  of  distinoily  different 
chemical  nature. 

^  Owing  to  the  facility  with  wliich  diazo-compounds  react  with  phenoloids  and 
their  sulphonic  acids  in  alkaline  solution,  it  is  possible  to  produce  azo-dyes  directly 
on  the  fibre  by  immersing  the  goods  alternately  or  simultaneously  in  a  solution  of 
naphthol  and  the  diazo  salt,  and  then  developing  the  color  in  an  alkaline  bath. 
The  method  is  especially  applicable  to  cotton,  which  does  not  take  up  ready-formed 
azo-dyes.  Another  method  of  operating  is  to  employ  the  nitrite  required  for 
diazotizing  in  the  form  of  an  ammonium  salt,  when  on  heating  the  goods  this  is 
decomposed  in  the  presence  of  the  phenoloid  and  amine,  and  thus  produces  the 
azo-color  in  situ.  The  coloring  matter  known  as  primuline  can  be  diazotized  in 
the  fabric,  and  on  subsequently  immersing  the  goods  in  an  alkaline  solution  of 
resorcinol  or  naphthol  the  azo-dye  is  developed.  Another  method  of  utilizing 
this  diazo-reaction  is  to  develop  on  the  fibre  a  diazo  color  by  coupling  it  with 
diazotized  paranitraniline  in  an  alkaline  bath.  Prumiline,  the  diamine  nitrazol 
colors,  and  some  other  derivatives  of  benzidine  are  capable  of  undergoing  this  so- 
called  "coupling  process."  The  peculiarity  of  this  method  is  that  the  developer 
and  not  the  dyestuff"  is  diazotized.  The  property  possessed  by  tlie  hydrox3^azo- 
dyes  of  forming  soluble  compounds  with  acid  sulphite  of  sodium  which  are  decora- 
posed  by  heat  is  also  utilized.  Narceine,  C6ll4(S03Na).NH.N(NaS03).C,oHg.OH/3, 
is  a  substance  of  this  class.  It  is  a  compound  of  orange  II  with  acid  sodium  sul- 
phite, and  has  been  used  in  calico  printing.  It  is  decomposed  on  steaming,  sul- 
phurous acid  being  liberated  and  orange  II  reformed. 
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The  letters  appended  to  the  commercial  names  of  dyestuffs  are 
usually  indicative  of  the  particular  shade,  R  referring  to  red  (roth), 
G  to  yellow  (gelb),  and  B  to  blue  (blau);  2R,  etc.,  means  a 
deeper  shade  of  red  than  a  simple  R.  At  times  other  letters  are 
employed  for  the  purpose  of  trade  distinctions,  and  refer  to  some 
private  nomenclature  of  the  manufacturing  firm.  The  method  of 
writing  the  formulae  has  been  selected  with  the  view  of  indicating 
as  far  as  possible  the  structure  of  the  molecule  and  the  relative 
positions  of  the  substituting  groups  in  the  benzene  and  naphtha- 
lene nuclei;  the  large  figures  in  brackets  placed  before  the  different 
substituting  groups  refer  to  these  positions  in  the  nuclei,  as  shown 
by  the  following  diagrams: 
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8  1 
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for  benzene,  and 


for  naphthalene. 
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Commercial 
Name. 

Formula. 

Remarks. 

Character  of  Dye. 

Archil  substi- 
tute. 

Naphthionic 
Red. 

P  XT  f  (4)N02  ( 
^«-^n(l)N-N(2)C,oH5{ 

(DNH^ 
(4)S03Na 

From  naph- 
thionic acid. 

Brown  paste;  red- 
brown  solution. 

Cochineal 
Scarlet  2  R. 

C6H4(CH3)-N=N-CioH5 

|(1)0H 
i(5)S03Na 

From  C  acid. 
Homologue  is 
scarlet  4  R. 

Cinnabar-red  powder, 
soluble  in  hot  water  to 
yellow-red  solution. 

Scarlet  G  T. 

CeH,(CH3)-N=N-(l)C,oH5  {  gj^gg^Na 

From  S  acid. 
Homologue  is 
scarlet  G  R. 

Scarlet  powder;  solu- 
tion orange-yellow. 

Azococcin  2  R. 

CeH3(CH3),-N=N-(2)C,oHa  { [IjsO^Na 

From  Neville's 
acid. 

Brown-red  powder, 
diflicultly  soluble; 
bronzy  crystals  on 
cooling. 

Wool  Scarlet 

XV. 

CeH3(CH3)2-N=N-(2)Cio 

f(l)OH 

uA  (4)S03Na 
((8)S03Na 

From  R  salt. 

Brown-red  powder; 
feui  u.  iiuli  J  ciiu  vv  lou- 
red. 

Ponceau  2  R. 

bcariei  ri. 
Xylidine 

Scarlet. 

r(2)0H 

C6H3(CH3)2-N=N-(l)CioH4<^  (3)S03Na 
i(6)S03Na 

From  R  Salt.  Iso- 
mers  of  yel- 
lower shade 
from   G  salt. 
Ponceau  G,  and 
scarlet  G. 

Scarlet  powder;  easily 
soluble;  red  solution. 

Ponceau  2  G. 
Scarlet  2  G 
and  2  R. 

CeH5-N=N-(l)CioH4| 

(2)  0H 

(3)  S03Na 
(6)S03Na 

From  G  salt. 
Isomers  from 
R  salt. 

Brown-red  powder. 
Fine  red  solution. 

Ponceau  3  R. 

CeHg 

r(5)CH3 
4)CH3 
(2)CH3 

.(l)N=N-CioH4 

(OB.  3 
UsOaNa)^ 

From  R  salt. 

Dark  red  powder;  so- 
lution cherry-red. 

Anisol  Red. 
Anisidine 
Ponceau. 

p       f  (1)0CH3 

^^^^  \  (2)N=N— (l)CioH5 

f(2)0H 
t  (6)S03Na 

From  R  salt. 

Brownish-red  powder; 
solution  cherry-red. 

Phenatol  Red. 

Coccinin. 

Coccin. 

From  R  salt, 

• 

Fine  red  solution. 

Coccinin  B. 

f(l)CH3 
C6H3^  (4)OCH3 

U3)N=N-CioH4 

fOH/3 
l(S03Na), 

From  R  salt. 

Dark  red  powder;  so- 
lution cherry-red. 

Crystal  Pon- 
ceau G  R. 

CioH7(l)-N=N(l)CioH, 

((2)0H 
-{  (6)S03Na 
i(8)S03Na 

From  y  acid. 

Red-brown  glittering 
crystals ;  solution 
deep  red. 

Fast  Brown  N; 
Azo  Brown  O; 
Napthyl  am- 
ine Brown; 
Clirome 
Brown  RO. 

'"lo^^M  (1)N=N— (4)Ci 

oii6(i)on 

From  naph- 
thionic acid. 

Dark  brown  powder; 
solution  reddish- 
brown. 

1  There  is  also  a  Poncenu  S  R  which  is  the  sodium  salt  of  ethyldimethyl-benzene-azobetanaphthol- 
disulphonic  acid. 
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Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  Acid. 

Products  of  Reduction 
with  Zinc  and  Ammonia. 

Other 
Characters. 

With 
Caustic 
Soda. 

With  Hy- 
drochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilution 
with 
Water. 

Precipitate 
soluble  in 
water. 

Precipitate. 

Magenta- 
red. 

Brown-red 
ppt. 

Nitraniline  and  diamido- 
naphthalene  sulphonic 
acid. 

Orange  colo- 
ration. 

Red  flakes. 

Magenta- 
red. 

Red  flakes. 

Toluidine  and  amido-a- 
naphthol  sulphonic  acid. 

Brown-red 
coloration. 

Brown  oily 
drops. 

Magenta- 
red. 

Oily  drops. 

Toluidine  and  amido-/^- 
naphthol  sulphonic  acid. 

Brown-yel- 
low color; 
no  ppt. 

Brownish- 
red  flakes. 

Magenta- 
red. 

Brown-red 
precipitate. 

Xylidine  and  amido-a-naph- 
thol  sulphonic  acid. 

Yellow-red 
color. 

Bluish-red 
coloration. 

Cherry- 
red. 

Red  solu- 
tion. 

Xylidine  and  amido-a^naph- 
thol  disulphonic  acid. 

No  precipi- 
tate. 

No  change. 

Red. 

Brown  pre- 
cipitate. 

Amido-/3-naphthol  d  i  s  u  1- 
phonic  acid  and  xylidine. 

BaCla  and  CaClj, 
amorphous  pre- 
cipitates. 

No  change. 

No  change. 

Eosin-red. 

Yellow-red 
color. 

Amido-/^-naphthol  disul- 
phonic acid  and  cumidine. 

BaClj  and  CaClg, 
precipitates  ap- 
pearing slowly. 

Yellow  pre- 
cipitate. 

No  change. 

Cherry- 
red. 

Magenta- 
red. 

Cherry-red. 

Amido-^-naphthol  d  i  s  u  1- 
phonic  acid  and  ethyl- 
xylidine. 

Yellowish- 
red. 

No  change. 

Cherry-red. 

Amido-i^-naphthol  d  i  s  u  1- 
phonic  acid  and  anisidine. 

Brownish 
coloration. 

Magenta- 
red. 

Red. 

Amido-/3-naphthol  disul- 
phonic acid  and  phenati- 
dine. 

BaClg,  brown, 
sparingly  soluble 
precipitate.  CaClg 
red  precipitate 
gradually. 

Brown  ppt. 
soluble  to 
red-brown 
solution. 

Darkened. 

Magenta- 
or  cherry- 
red. 

Cherry-red. 

Ainido-/5-naphthol  d  i  s  u  1- 
phonic  and  methyl  anisi- 
dine. 

BaClg,  brown 
ppt,    CaClg,  red 
precipitate 
formed  gradually 

Bright 
brown. 

Darkened; 
with  excess, 
brown  crys- 
talline ppt. 

Violet. 

Scarlet. 

No  change. 

Brown  ppt. 

Blue. 

Brown  ppt. 

Amido-a-naphthol  and  a- 
naphthol-amine  sulphonic 
acid. 
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DYES  AND  COLORING  MATTERS. 


Commercial 
Name. 

Formula. 

Remarks. 

Character  of  Dye. 

Roccelline. 
Fast  Red  A. 
Rubidine. 
Cerasine. 

p  f(4)S03Na 

<^ioUe  1  (i)N=N— (l)CioH6(2)OH 

From  naphthi- 
onic  acid. 

Solution  reddish- 
brown,  forms  brown 
jelly  when  rapidly 
cooled. 

Fast  Red  C. 
Azorubin  S. 
Carmoisin. 

From  naphthi- 
onic  acid  and 
Neville's  acid. 

Brown  powder;  ma- 
genta-red solution. 

NewCoccin. 
Brilliaut  Pon- 
ceau. 

p   pr  f(4)S03Na  rf2)0H 

( (SjSOaNa 

From  naphthi- 
onic  acid  and 
G  salt. 

Scarlet-red  powder; 
sparingly  soluble. 

Fast  Red  D. 
Amaranth. 

'-lo-tie  \  (i)N=N— (l)CioH4-^  (3)S03Na 
((6)S03Na 

From  naphthi- 
onic  acid  and 
R  salt. 

Reddish-brown  pow- 
der; solution  ma- 
genta-red. 

Cochineal. 
Scarlet  G. 

CeH,-N=N-(2)C,oH„{JljOH^^ 

nuiu  Jj  UCIU.. 

Brick-red  powder; 
yellow  solution. 

Tropseolin 
0000. 

CeH,-N=N-(2)CxoH,  {  [Jjg^^Na 

From  N  W  acid. 

Reddish-brown  pow- 

Brown  N  P 
and  N  P  J., 

p       f(4)N02  f(2)0H 
^6-^*  1  (1)N=N-(1)C6H2^  (3)0H 

From  diazotized 
paranitraniline 
and  pyrogallol. 

Brown  paste. 

Archil  Sub- 
stitute G. 

CeH4giSi^N-(l)C.oH.{g)^^^^^^^ 

From  paranitra- 
niline and  beta- 
naphthy  lamine . 

Brown  powder;  red 
solution. 

Archil  Sub- 
stitute 3  VN. 

From  L  acid. 

Brown  powder;  red 
solution. 

Archil  Sub- 
stitute Extra. 
Apollo  Red. 

CeH.{gJg£^N-C,oHj^H. 

From  paranitrani- 
line and  alpha- 
naphthylamine- 
disulphonic  acid. 

Brown  powder;  red 
solution. 

Ponceau  R  T. 

p  TT  J  CMg                    (  (2)OH 
Cell*  \  N=N-(l)CioH44  (3)S03Na 
((6)S03Na 

From  R  acid. 

Red  powder;  orange 
solution. 

Cochineal. 
Scarlet  4  R. 

CaH3(CH3),-N=N-C,oH,  {  gjg^^Na 

From  L  acid. 

Red  powder;  slightly 
soluble. 

Scarlet  G  R. 
Scarlet  R. 

CeH3(CH3)»-N=N-(l)C,oH«  {  f^^^^^^ 

From  S  acid. 

Red  powder;  orange 
solution. 

Palatine. 
Scarlet. 

CeH3(CH3).-N=N-C,oH,  {  ^^^^^ 

From  naphthol- 
disulphonic  acid. 

Red  powder;  red  solu- 
tion. 

Ponceau  G. 
Scarlet  G. 

f(2)0H 

CeH3(CH,),-N=N-(l)C,oH4^(6)S03Na 
USjSOaNa 

From  G  acid. 

Red  powder;  red  solu- 
tion. 

Ponceau  3  R. 

(C,H, 

Red  powder;  red  solu- 
tion. 

Azo-eosin, 

C.H.{[?1SS'-(2,C.,H.{«?0H^, 

From  N  W  acid. 

Red  powder;  red  solu- 
tion. 

AZO-DYES. 


167 


REACTIO^^  OF  Aqueous 
Solution. 

Reaction  of  Dye  with 
SuLPHUKic  Acid. 

Products  of  Reduction 
WITH  Zinc  and  Ammonia. 

Other 
Characters. 

With 
Caustic 
Soda. 

With  Hy- 
drochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilution 
with  Water. 

Darkened. 

Yellow- 
brown  ppt. 

Violet. 

Yellow- 
brown 
ppt. 

Amido-a-naphthalene  sul- 
phonic  acid,  and  amido-i3- 
naphthol. 

NajCOg  in  strong 
solution  gives 
pale  brown  crys- 
tals. 

Becomes 
yellow 

Brown  jelly. 

Bluish- 
violet. 

Magenta- 
red. 

a-naphthylamine  sul  phonic 
acid  and  amido-a-naph- 
thol  sulphonic  acid. 

CaClg,  red  crystal- 
line precipitate. 

BroAvn.        No  change. 

Magenta- 
red. 

Yellow 
red. 

a-naphthylamine  sulphonic 
acid  and  amido-/5"naph- 
thol  disulphonic  acid. 

Becomes 
dark. 

No  change. 

Violet. 

Magenta- 
red. 

Orange, 

XIIICK.  ppi. 

Cherry- 
red. 

Red  ppt. 

Orange. 

Orange  ppt. 

Magenta- 
red. 

No  change. 

Obsolete. 

Is  dyed  on  mor- 
danted wool. 

Brown  ppt. 

Brown  ppt. 

Red. 

Brown  ppt. 

Brown. 

Bluish  ppt. 

Red. 

No  change. 

Brown  ppt. 

Crimson. 

Crimson. 

No  change. 

Yellow. 

No  change. 

Red. 

Magenta- 
red. 

Orange. 

Yellowish- 
red. 

Brown  ppt. 

Red  ppt. 

No  change. 

Brown  ppt. 

Red. 

Red  ppt. 

Yellower. 

Brown  ppt. 

Purple. 

Brown  ppt. 

Soluble  in  alco- 
hol. 

No  change. 

No  change. 

Red. 

Orange. 

Yellow  ppt. 

No  change. 

Red. 

No  change. 

Yellowish. 

Brown  ppt. 

Red. 

Red  ppt. 

Slightly  soluble  in 
alcohol. 
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DYES  AND  COLORING  MATTERS. 


Commercial 
Name. 

Formula. 

Remarks. 

Cresol  Reel. 

In^N-CoTiJPsO  Na) 

From  R  acid. 

Orcelline. 
Deep  Red. 

(OH 

iN=N-C6H3(0H)2 

From  Picramic 
acid  and  Resor- 
cinol. 

xJunaio  KUDine. 

C,oH,(l)N=N-C,oH,|J«n>J^)^ 

From  Scboellkopf 
acid. 

rdSL  xteu  jj  X. 

C,oH.(l)N=N-(l)C,on3{gj^^^j,^ 

From  S  acid. 

Naplithorubin. 

C,oH,(l)N=N-C,oH.{[^s5^j,^)^ 

From  Giircke  and 
Rudolfs  acid. 

Fast  Red  B. 
Bordeaux  B. 

((2)0H 

CioH7(l)N-N-(l)Ci„H  J  (3)S03Na 
((6)S03Na 

From  R  acid. 

Palatine  Red. 

C,oH,(l)N=N-C,oH,{^gH^^.^)^ 

Thiorubine. 

CeH3 

f  g]s  ^C(l)CeH,(4)N=N-C.oH,  {  OH^^a), 
l(4)CH3 

From  R  acid. 

Erika  B. 

CeH^ 

r(i)CH3 

(3)CH3                                       f  (DOH 
1  (5)S  >C(1)C«H  J  (4)N=N-C,oH  J  (3)S03Na 
L  (6)N^'^^-'''^^''n  (3)CH3  ((8)S03Na 

From  £-acid. 

Crocein  3  B  X. 

I  (l)N-N-(l)Cio-tl6  1  (8)S03Na 

From  B  acid. 

Fast  Red  E. 
Fast  Red, 

C.oH.{<~a)C..H.{«;0«Na 

From  S  acid. 

Scarlet  6  R. 
Ponceau  6  R. 

From  trisulphonic 
acid. 

Acid  Ponceau. 

c  n  /SOgNa 

^io-tl6|N=N— (l)CioH6(2)OH 

From    a,    and  y 
naphthylamines. 

Fast  Brown  3  B. 

P  „   ( (6)S03Na 

^""4  \  (2)N=N-(4)CioH6(l)OH 

Or.inge  Red  I. 
Double  Brilliant 
Scarlet  G. 

c   TT  /(fi)S03Na 
^io"«t(2)N=N-(l)CioH6(2)OH 

Brilliant  Pon- 
ceau 4  R. 

Double  Scarlet 
p]xtra  S. 

Dou1)le  Brilliant 
Scarlet  3  R. 

p  „  /(f))S03Na  fn^OTT 
C-He  U2)N==N-(2)C,oH,{|J)^^^^j^^ 

From  N  W  acid. 

Pyrotine  R  R  0. 

From  N  W  acid. 
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Character 
OF  Dye. 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  Acid. 

Other  Char- 
acteristics. 

With 
Caustic 
Soda. 

With  Hy. 
drochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilution 
with  Water. 

Red  powder;  red 
solution. 

Brown  pp. 

Darkened. 

Red. 

No  change. 

Obsolete. 

Brown  paste;  red 
solution. 

No  change.  ^  Brown  pp. 

Brown. 

Brown  pp. 

Soluble  in  alco- 
hol 

Brown  powder; 
bluish-red  solu- 
tion. 

No  change. 

No  change. 

Blue. 

Purple. 

Rod  powdcrj  rod 
solution. 

Brown. 

Brown  pp. 

Violet. 

Violet  pp. 

Slightly  soluble 
in  alcohol. 

Brown  powdGrj 
purple  solution. 

Orange. 

No  change. 

Violet. 

Red. 

Obsolete. 

Brown  powder; 
purple  solution. 

Yellow. 

No  change. 

Blue. 

Violet. 

Blue  powder; 
purple  solution. 

Yellower. 

Brown  pp. 

Blue. 

Brown  pp. 

Brown  powder; 
purple  solution. 

Bluer. 

Brown  pp. 

Purple. 

Brown  pp. 

Obsolete. 

Brown  powder; 
red  solution. 

Violet  pp. 

Red  pp. 

Red. 

Red  pp. 

Soluble  in  alco- 
hol. 

Red  powder: 
orange  solution. 

Brown. 

No  change. 

Violet. 

Orange. 

Brown  powder; 
red  solution. 

Brown. 

No  change. 

Violet. 

Red. 

Brown  powder; 
purple  solution. 

Brown. 

No  change. 

Violet. 

Magenta- 
red. 

Red  powder; 
slightly  soluble. 

Browner. 

Brown  pp. 

Violet. 

Brown  pp. 

Soluble  in  hot 
water. 

Brown  powder; 
brown  solution. 

Red. 

Violet. 

Blue. 

Violet  pp. 

Brown  powder; 
red  solution. 

Brown  pp. 

Brown  pp. 

Bluish- 
red. 

Red  pp. 

Brown  powder; 
orange  solution. 

No  change. 

Brown  pp. 

Bluish- 
red. 

Scarlet. 

Brown  powder; 
orange  solution. 

Yellower. 

Bluer. 

Bluish-      1  Red. 
red.  j 
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DYES  AND  COLORING  MATTERS. 


Commercial 
Name. 

Formula. 

Remarks. 

Clayton  Cloth 
Red. 

((l)N^p.l.p    TT      f  SO3NH4 

C^B.J  (2)S  >«-U>v.>a^4  1  (4)N=N— (l)CioH6(2)OH 
l(4)CH3 

From  ^-naphthol. 

Alkali  Brown. 

P-N=N-(l)CeH3{g)NH. 
(P— primuline  radical.) 

Atlas  Red. 

P— 

f(3)CH3 

N-N-(1)C6H  J  (4)NH2 
l(6)NH3 

Terra  Cotta  R. 

CeH^-N-N-CeH^^ 

OH 
CO2H 
.NO, 

Azo-fuchsine 
B. 

CeH^ 

f  CH3               (  (1)0H 
lN=N-CxoH4^  (8)0H 

i(4)S03Na 

From  Schoellkopf's 
acid. 

Azo-fuchsine 
G. 

CeH,- 

(4)S0sNa  ((DOH 
(1)N=N— CioH^^  (8)0H 

U4)S03Na 

From  Sehoellkopf's 
acid. 

Diamond  yel- 
low G. 

CeH^I 

(3)C02Na  (mnu 
(l)N=N-(4)CeH3{gJg^^Na 

Diamond  yel- 
low R. 

(2)C02Na 
(1)N=N-(4)C6H3 

|(1)0H 
l(2)C02Na 

Roxamine. 

CioHe 

f(4)S03Na  rmOH 
l(l)N=N-(l^C,oH3{[2j§g 

Chromotrop 
2R. 

r(i)OH 

CeHaN=N(2)C,oH3^  j^jOH^^ 
t(6)S03Na 

From  chromotrop 
acid. 

Chromotrop 
2B. 

CeH, 

{n2^(2)C,oH3- 

(DOH 
(8)0H 
(BjSOsNa 
(6)S03Na 

From  paranitrani- 
line  and  chromo- 
trop acid. 

Chromotrop 
10  B. 

CxoH,(a)N=N(2)CioH3 

r  (DOH 
J  (8)0H 
1  (3)S03Na 
[  (6)S03Na 

From  chromotrop 
acid. 

Chromotrop 
8B. 

CioHe 

iN^N(2)C.on3^g5§«Na 
t(6)S03Na 

From  chromotrop 
and  naphthionic 
acid. 

Prater  Aliz- 
arin yellow 
G. 

CohJ 

(2)N=N-(2)C6H  J  (5)0H 

((GjCOaNa 

From  betaresorcyl 
acid  and  metani- 
traniline. 
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Character 
OF  Dyestuff. 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  acid. 

Other  Charac- 
teristics. 

With 
Caustic 
Soda. 

With  Hy- 
drochloric 

W^ith 
Strong 

On  Dilution 
with  Water. 

Red  powder; 
brown  solu- 
tion. 

Red  pp. 

Brown  powder; 
red  solution. 

Red  pp. 

Brown  pp. 

Violet. 

Brown  pp. 

Soluble  in  alco- 
hol. 

Red  powder; 
brown  solu- 
tion. 

Dark  pp. 



Gives  brown 
shades  when  di- 
azotized  on  fibre. 

Brown  powder; 
brown  solu- 
tion. 

Red. 

Brown  pp. 

Yellow. 

Brown  pp. 

The  presence  of 
the  NO2  group 
is  questioned. 

Dark  brown 
powder;  red 
solution. 

Bluer. 

Brown  pp. 

Violet. 

Bluish-red. 

Brown  powderl 
red  solution. 

Bluer. 

Yellower. 

Violet. 

Bluish-red. 

Yellow  paste; 
yellow  solu- 
tion. 

Orange. 

Yellow  pp. 

More  readily  sol- 
uble in  water 
containing  so- 
dium carbonate 
or  acetate. 

Brown  paste; 
yellow  solu- 
tion. 

Orange. 

Yellow  pp. 

More  readily  sol- 
uble in  water 
containing  so- 
dium carbonate 
or  acetate. 

Red  powder; 
scarlet  solu- 
tion. 

Darker. 

No  change. 

Violet. 

Acid  dye  for  wool. 

Red  powder, 
magenta-red 
solution. 

No  change. 

No  change. 

Violet. 

Orange. 

Soluble  in  alco- 
hol. Acid  dye 
for  wool. 

Red  powder; 
orange  solu- 
tion. 

Violet. 

Yellower. 

Violet. 

Orange. 

Soluble  in  alco- 
hol. Acid  and 
chrome  dye  for 
wool. 

Violet  powder; 
violet  solu- 
tion. 

Orange. 

No  change. 

Blue. 

Violet  pp. 

Soluble  in  alco- 
hol. Acid  dye 
for  wool. 

Violet  powder; 
violet  solu- 
tion. 

No  change. 

No  change. 

Blue. 

Violet. 

Soluble  in  alco- 
hol. Acid  dye 
for  wool. 

Yellow  powder; 
yellow  solu- 
tion. 

Orange. 

Yellow  pp. 

Yellow. 

Yellow  pp. 

Soluble  in  alco- 
hol. Chrome 
dye  for  wool. 
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Commercial  Nahe. 

FOKMULA. 

Remarks. 

Prager  Alizarin  Yel- 
low R. 

p  jT   f(5)N0,  ({3)0H 
U2)N=N—(2)C6H 2^  (5)0H 

C(6)C02Na 

From  beta-resorcyl 
acid  and  para-nitra- 
niline. 

Para-Nitraniline  Red. 

P  TT  /  (4)N03 

^6^*  \  (l)N-N-(l)CioHe(2)OH 

From  para-nitraniline 
and  beta-naphthol. 

Wool  Violet  S. 

From  dinitraniline. 

Victoria  Violet  4  B  S. 

fNH  r(l)OH 

L(6)S03Na 

From  Chromotrop  2  B. 

Chromotrop  6  B. 

CeH,|N=N-(2)C,oH3  f^jOH^^ 
L(6)S03Na 

From  Chromotrop 
acid. 

Spirit  Yellow  R. 
Yellow  Fat  Color. 

CeH.{gjg^3^^(2)CeH3{[^)«^; 

From  ortho-toluidine. 

Chrysoidin  R. 

p  „  r(i)CH3  r(i)NH2 

^6il4|(2)N=N-(2)C6HJ  (4  CH3 

From  ortho-toluidine. 

Rose  de  Benzoyl. 

((1)0H 

From  N  W  acid. 

Sulphamin  Brown  A, 
Naphtbine  Brown  a. 

Not  determined. 

From  a-disazonaph- 
thaline. 

Azo  Turkey  Red. 

CioH,(3)N=N(l)CioH6(2)OH 

Developed    on  fibre 
from  beta-naphthyl- 
amine     and  beta- 
naphthol. 

Sulphamin  Brown  B. 
Naphthine  Brown 

Not  determined. 

From  /3-disazonaph- 
thaline. 

Diamond  Flavin  G. 

C6H3^  (4)0H 

i  (l)N=N-(l)C6H4.CeH,.(4)0n 

From  salicylic  acid. 

Indoin  Blue  R. 

Not  determined. 

From  safranine. 

Phenoflavin. 

p  jj  f(4)P03Na  f(l)NH, 
1  (2)N=N(2)C«II  J  (3  SOuNa 
V  (5)0H 

From  metanilic  acid. 

Fast  Red  B. 

c,oHe{|%lp  Tj  roil 

From  naphthionic 
acid. 
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Character  of 
Dyestuff. 

■ 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  Acid, 

Other  Charac- 
teristics, 

With 
Caustic 
Soda. 

With  Hy- 
drochloric 
Acid. 

With 
Strong 
Acid, 

On  Dilution 
with  Water. 

Orange  powder; 
orange  solu- 
tion. 

Violet, 

Orange  ppt. 

Orange. 

Orange  ppt. 

Soluble  in  alco- 
hol. Chrome 
dye  for  wool. 

The  dyestuff  is 
made  on  the 
fibre. 

Ingrain  dye  for 
cotton. 

Black  powder; 
violet  solu- 
tion. 

Violet  ppt. 

Orange. 

Scarlet. 

Orange  ppt. 

Soluble  in  alco- 
hol. Acid  dye 
for  wool. 

Green  powder; 
violet  solu- 
tion. 

Orange. 

Orange. 

Violet. 

Orange  ppt. 

Soluble  in  alco- 
hol. Acid  dye 
for  wool. 

Brown  powder; 
violet  solu- 
tion. 

Yellow. 

No  change. 

Red, 

Violet  ppt. 

Soluble  in  alco- 
hol. Acid  dye 
for  wool. 

Yellow  lumps; 
but  slightly  sol- 
uble, melt  in 
l)oiling  water. 

Red  crys- 
tals. 

Brown. 

Red  ppt. 

Soluble  in  hot  al- 
cohol. 

Color  for  fats,  but- 
ter, etc. 

Violet  crystals; 
red  solution. 

Yellow 
ppt. 

Brown  ppt. 

Brown, 

Red  ppt. 

Soluble  in  alco- 
hol. 

Red  lumps. 

Red. 

Violet  ppt. 

Red. 

Direct  dye  for 
cotton. 

Brown  powder; 
brown  solu- 
tion. 

Brown  ppt. 

No  change. 

Green. 

Brown. 

Chrome  dye  for 
wool. 

Ingrain  color. 

Brown  powder; 
brown  solu- 
tion. 

Brown  ppt. 

No  change. 

Violet. 

Brown. 

Chrome  dye  for 
wool. 

Brown  paste; 
insoluble. 

Orange 
solution. 

No  change. 

Red. 

Brown  ppt. 

Soluble  in  alco- 
hol. 

Brown  paste  or 
powder;  violet 
solution. 

Violet  ppt. 

Blue  ppt. 

Green. 

Violet  ppt. 

Soluble  in  alco- 
hol. Direct  color 
for  cotton. 

Yellow  powder; 
yellow  solu- 
tion. 

Orange. 

Orange. 

Yellow. 

Acid  dye  for  wool. 

Brown  powder; 
red  solution. 

Darker. 

Brown  ppt. 

Violet. 

Brown  ppt. 

 .  

Acid  dye  for  wool. 
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DYES  AND  COLORING  MATTERS. 


Commercial 
Name. 

Formula. 

Remarks. 

Fast  acid  scarlet. 
Fast  acid  Ponceau. 

p   XT  f(4)S03Na 

^lo-Ue  1  (6)N=N-(l)CioH6.(2)OH 

From  beta-acid. 

Chrome  yellow  D. 
Anthracene  yel- 
low B  N. 
Milling  yellow. 

C.oHe  |^2}n=N-(2)C,H3  { jg^^^ 

From  salicylic  acid. 

Crumpsall-yellow. 

((6)S03Na 
CioH  J  8  S03Na  fM^rOTT 
i(2jN=N-(2)CeH3{j^jg^^H 

From  salicylic  acid. 

Cotton  Orange  G. 

r(i)NH, 

P-N=N(2)CeH]g)|g3Na 
(P=primuline  base.) 

Fr9m  diazotized  primu- 
line. 

Diamond  yellow 

C6Hjf^j^^2f.2^r  H  J(4)C0,H 

From  salicylic  acid. 

Chicago  Orange. 

CH.CeHa  1  [g^fo^i^a 
rnr  H  /(3)S03Na 

®    3  (  (1)N=N— C6H4.C6H4.NH2 

From  Benzidine. 

Arnica  yellow. 

pprr  TT  i'(l)NO 

PTT  P  TT  f  (3)S03Na 
CM.C6M3  1  (i)N=N— CeH^OH 

From  para-amido- 
phenol. 
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Character 
OF  Dyestuff. 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  Acid. 

Other  Charac- 
teristics. 

With 
Caustic 
Soda. 

With  Hy- 
drochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilution 
with  Water. 

Red  powder;  but 
slightly  soluble. 

Darker. 

Brown  pp. 

Violet. 

Brown  pp. 

Acid  dye  for  wool. 

Yellow  powder; 
orange  solu- 
tion. 

Orange  pp. 

Gray  pp. 

Orange. 

Gray  pp. 

Chrome  dye  for 
wool. 

Yellow  powder; 
yellow  solu- 
tion. 

Green  pp. 

Orange  pp. 

Orange. 

Orange. 

Soluble  in  alcohol. 
Chtome  dye  for 
wool. 

Brown  powder; 
orange  solu- 
tion. 

No  change. 

Red  pp. 

Orange. 

Red  pp. 

Direct  dye  for  cot- 
ton. 

Yellow  paste; 
yellow  solu- 
tion. 

Orange. 

Yellow  pp. 

Soluble  in  alcohol. 
Chrome  dye  for 
wool. 

Brown  i)owder; 
orange  solu- 
tion. 

Orange  pp. 

Brown  pp. 

Violet. 

Brown  pp. 

Soluble  in  alcohol. 
Direct  dye  for  cot- 
ton. 

Brown  powder; 
brown  solu- 
tion. 

Red. 

Brown  pp. 

Violet. 

Direct  dye  for  cot- 
ton. 
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The  dyes  of  the  class  of  which  xyHdine  scarlet  is  the  type  are 
very  numerous,  and  are  being  continually  added  to.  The  charac- 
ters of  the  dyes  are  materially  dependent  on  their  derivation  from 
alpha-  or  beta-naphthol,  and  the  exact  nature  of  the  isomeric 
naphthol-sulphonic  acids  employed  also  notably  affects  the  color 
and  other  properties  of  the  dye.  The  letters  R  and  G  (the  initial 
letters  of  the  words  roth  and  gelb)  appended  to  the  commercial 
names  of  the  scarlets  and  other  azo-dyes  have  reference  to  the  so- 
dium salts  of  tlie  respective  isomeric  beta-naphtholdisulphonic 
acids  used  for  their  production.  "Salt  G"  yields  the  yellow 
shades,  and  "salt  R"  the  red  shades  of  the  azo-dyes  they  are 
employed  to  produce.  Similarly,  where  beta-naphtholmonosul- 
phonic  acid  is  used,  the  characters  of  the  resultant  .dyes  depend  to 
some  extent  on  the  isomer  employed,  whether  "Schaffer's  acid," 
"Bayer's  acid,"  or  other  modification.^ 

^  When  betanaphthol  is  heated  with  twice  its  weight  of  strong  sulphuric  acid 
(sp.  gr.  1.845)  to  about  90°  C,  until  completely  sulphonated,  the  chief  product  is 
a  monosulphonic  acid  known  as  Schaffer' s  acid  (''acid  S").  When  beta- 
naphthol is  added  gradually  to  twice  its  weight  of  strong  sulphuric  acid  (sp.  gr. 
1.845),  taking  care  that  the  temperature  does  not  rise  above  50°  to  60°  C,  Schiif- 
fer's  acid  and  an  isomeric  acid,  betanaphthol -alphasulphonic  acid, 
often  known  as  Bayer's  acid  (''acid  B"),  are  formed  in  about  equal  quantity. 
The  use  of  a  temperature  of  20°  C.  for  preparing  Bayer's  acid  has  been  patented. 
Schaffer' s  and  Bayer's  acids  may  be  separated  by  converting  them  into  sodium 
salts  and  treating  the  dry  product  with  alcohol,  in  which  liquid  the  salt  of  beta- 
naphthol-alphasulphonic  acid  is  by  far  the  most  readily  soluble.  Another  method 
of  separating  Bayer's  acid  from  Schaffer' s  and  another  isomeric  said  to  be  present 
is  based  on  the  different  facility  with  which  the  three  acids  act  on  certain  azo- 
compounds.  Thus  by  treating  the  alkaline  solution  of  the  mixed  sulphonic  acids 
with  a  properly  regulated  quantity  of  tetrazo-diphenol,  the  unnamed  acid  and 
Schafier's  acid  are  precipitated  as  claret-colored  dyes,  while  Bayer's  acid  remains 
in  solution  in  the  requisite  purity  for  the  manufacture  of  crocei'n  scarlet,  for  which 
purpose  the  isomeric  acids  are  not  available.  A  naphthol-sulphonic  acid  distinct 
from,  and  giving  shades  redder  than,  either  the  above  acids,  is  said  to  be  obtain- 
able by  a  process  described  in  Patent  No.  15,781,  of  1885  {Jozir.  Soc.  Dyers,  etc., 
ii.  199). 

When  betanaphthol  is  heated  with  three  times  its  weight  of  concentrated  sul- 
phuric acid  (1.845  sp.  gr.)  to  100°  or  110°  C,  it  is  converted  into  a  mixture  of 
two  isomeric  disulphonic  acids.  To  separate  these,  the  liquid  should  be 
diluted,  neutralized  with  milk  of  lime,  and  filtered  after  allowing  sufficient  time 
for  the  precipitated  calcium  sulphate  to  crystallize.  The  filtrate  is  treated  with 
sodium  carbonate,  and  the  filtered  liquid  evaporated  to  dryness.  From  the  mix- 
ture of  the  isomeric  sodium  salts  obtained,  "salt  G"  can  be  dissolved  by  alcohol, 
while  ''salt  R"  is  loft  insoluble.  According  to  J.  Wetter  {Jour.  Soc.  Chem.  Tnd.y 
iv.  339),  the  isomeric  acids  can  be  separated  by  treating  the  solution  of  their  acid 
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Xylidine  Red,  or  Scarlet  R,^  obtained  as  described  on  page 
164,  forms  a  scarlet-red  powder,  readily  soluble  in  water  or  acetic 
acid,  but  less  so  in  glycerin  or  alcohol.  Its  aqueous  solution  is 
unchanged  by  alkalies  or  dilute  acids,  and  gives  scarlet  lakes  with 
the  acetates  of  lead  and  aluminium.  Barium  chloride  precipitates 
it  more  perfectly,  even  in  the  presence  of  acetic  acid.  Xylidine 
scarlet  dyes  animal  fibres  without  a  mordant  in  a  slightly  acid 
bath.  When  fixed  by  means  of  a  barium  salt  it  withstands  the 
action  of  boiling  water  very  well.  The  color  does  not  stand  soap- 
ing, but  is  fast  in  the  air,  and  resists  the  action  of  light  fairly 
well,  though  it  fades  slowly  when  exposed  to  direct  sunshine.'^ 

Xylidine  red  and  allied  colors  are  frequently  adulterated  with  dex- 
trin, w^hich  may  be  separated  by  treating  the  sample  with  sufficient 
alcohol.  Tarry  matters  are  sonietimes  precipitated  on  acidulating 
the  solution  of  the  dye  with  acetic  acid. 

Fast-Brown  N.  By  the  action  of  alphanaphthol  on  diazotized 
naphthionic  acid  a  compound  is  obtained  having  a  naphthalene 
nucleus  on  both  sides  of  the  chain,  and  of  the  following  formula: — 
CioHg(S03Na)«.N2.CjoHg(OH)«.  This  coloring  matter,  like  others 
of  similar  constitution,  dyes  wool  brown  in  an  acid  bath.  It 
forms  a  dark  brown  powder  soluble  in  water  to  form  a  yellowish- 
brown  solution  changed  to  brow^nish-red  by  soda  and  giving  a 
brown  precipitate  with  hydrochloric  acid.  In  strong  sulphuric 
acid  the  dye  dissolves  with  blue  color,  a  brown  precipitate  being 
formed  on  dilution. 

An  isomeric  coloring  matter  from  alphanaphthol  and  diazotized 

sodium  salts  with  brine,  when  salt  K  crystallizes  out,  while  salt  G  remains  in  solu- 
tion. (The  same  process  is  said  to  be  applicable  to  the  separation  of  Schatfer's  and 
Bayer' s  monosulphonic  acids. )  Another  betanaphthol-disulphonicacid 
[y]  has  been  described  and  patented  by  Gaus  and  Hoffman  {Jour.  Soc.  Chem.  Ind., 
iii.  567;  iv.  742),  and  is  used  for  the  production  of  crystal  ponceau  6  E,  by  reac- 
tion in  alkaline  solution  with  diazotized  ^-naphthylamine. 

By  the  extreme  action  of  fuming  sulphuric  acid  on  betanaphthol,  a  t  r  i  s  u  1- 
phonicacidis  obtainable. 

The  manufacture  of  sulphonic  acids  and  nitrosulphonic  acids  from  alpha-naph- 
thol  has  been  recently  patented  by  H.  Care.  Other  sulphonic  acids  of  alpha-  and 
beta-naphthol  and  of  the  naphthylamines  have  been  described  and  patented. 

^  The  commercial  Xylidine  scarlets  are  not  prepared  from  chemically  pure  sub- 
stances and  are  mixtures  of  several  very  similar  azo-compounds.  Scarlet  2  G  is 
sometimes  added  for  shading  purposes. 

^  The  Xylidine  scarlets  are  rapidly  rpplacing  cochineal  in  commerce,  owing  to 
their  low  price  and  simple  method  of  application. 
12 
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beta-naphthylamine-sulphonic  acid  gives  a  brownish-red  solution, 
turned  magenta-red  by  soda  or  dilute  acids.  It  is  soluble  in 
strong  sulphuric  acid  with  blue  color,  giving  a  reddish-violet 
precipitate  on  dilution. 

Other  brown  coloring  matters  are  described  with  the  tetrazo- 
dyes. 

Secondary  Azo-Compounds.  Tetrazo-Dyes. 

Amido-azobenzene  may  be  regarded  as  a  primary  amine,  since 
it  contains  the  group  NHj.  When  this  is  attacked  by  nitrous 
acid  the  diazo-reaction  occurs,  and  a  diazo-azobenzene 
compound  is  formed : -C,H,.  N,.  CgH.N  H^HCl  +  NaNO^  +  HCl-= 
CeH5.N2.CeH,.N,.CH-NaCl  +  2H20.  The  product  contains  the 
— N :  N —  group  in  two  places,  and  is  called  a  secondary  azo- 
or  tetrazo-compound.^  By  reaction  with  phenols  in  pres- 
ence of  alkalies,  these  tetrazo-compounds  yield  products  of  which 
several  have  received  practical  applications,  as  they  usually  pos- 
sess a  coloring  power  superior  to  that  of  the  azo-dyes  of  similar 
color  but  simpler  constitution.  They  are  rendered  soluble  by  sul- 
phonation,  the  SO3H  group  being  often  introduced  into  both 
chains.  Thus  by  diazotizing  acid  yellow,  and  acting  with  the 
product  on  sodium  betanaphthol-alphasulphonate  (Bayer's  salt), 
sodium betanaph tholsulphonate-azobenzene- 
azobenzene-sulphonateof  ammonium,  or  crocein  scar- 
let, is  obtained,  according  to  the  following  equation : — 


Crocei'n  Scarlet,  3  B,  or  Ponceau  4-  RB,  formulated  above,  is  a 
dye  of  considerable  practical  importance.  It  forms  a  red-brown 
powder,  soluble  in  water  with  a  scarlet-red  color.  The  solution  is 
turned  violet-red  by  alkalies,  but  not  precipitated  except  in  very 
concentrated  solutions.  With  hydrochloric  acid  it  yields  a  yellow- 
ish-brown precipitate.    With  barium  chloride  it  gives  a  red  pre- 

^  Tertiary  Azo-Compounds^  containing  three  — N:N —  groups,  have  been  prepared 
(R.  Mel  do  la,  Jour.  Chem.  Soc,  xliii.  43G),  but  they  have  little  tinctonal 
value. 


C6H,(S03H).N:  N. CgH,. N :  N. CI  +  C^^H, 


+  3NH,  = 


TETHAZO-DYES. 


cipitate,  becoming  dark  violet  and  crystalline  on  boiling.  With 
calcium  chloride  the  dye  gives  a  flocculent  red  precipitate,  which 
on  boiling  the  liquid  suddenly  becomes  brown  and  crystalline. 
When  reduced  with  zinc  in  ammoniacal  solution  crocein  scarlet  is 
decolorized,  but  the  liquid  acquires  a  yellow  color  on  exposure  to 
air.  The  solid  dye  dissolves  in  strong  sulphuric  acid  with  indigo- 
blue  color,  and  on  dilution  a  yellow-brown  precipitate  is  formed, 
soluble  in  more  water  to  a  red  solution. 

Crocein  Scarlet,  7  B,  or  Ponceau  6  RB,  is  homologous  with  the 
last  (containing  two  toluene-  instead  of  benzene-residues)  and  re- 
sembles it  generally,  but  after  reduction  with  zinc  and  ammonia 
the  colorless  liquid  does  not  again  become  yellow  on  exposure  to 
air.  The  hot  concentrated  aqueous  solution,  when  treated  with 
magnesium  sulphate  and  allowed  to  stand,  deposits  on  cooling 
long  silky  needles  of  the  magnesium  salt. 

Ponceau  S.  Extra  is  a  disulphonated  crocein  scarlet: — 
C,H,(S03Na).N,.C,H,(S03Na).N,.C,,H.(S03Na),.OH/3. 

Orseillin  2  B  is  the  metameric  compound  from  alphanaphthol 
sulphonic  acid. 

Biebrich  Scarlet,  Ponceau  3  R,  or  azobenzene  red,  is  a  mixture 
of  fast  scarlet  or  double  scarlet,  C^HX^O^^s.^.^^.CJI^.'^^^^.C^qR^.OB.P, 
with  the  corresponding  disulphonate, 


(.  (6)S03Na. 

It  is  a  reddish-brown  crystalline  powder,  forming  a  yellowish-red 
solution.  The  hot  aqueous  solution  of  Biebrich  scarlet  becomes 
gelatinous  on  cooling.  Dilute  acids  give  a  flocculent  brownish-red 
precipitate  in  strong  solutions,  but  the  dye  is  not  precipitated  by 
alkalies.  (According  to  some,  a  brownish-red  precipitate).  With 
zinc  and  ammonia  the  solution  of  Biebrich  scarlet  is  decolorized, 
but  on  exposure  to  air  the  liquid  becomes  yellow  and  gives  the  re- 
actions of  acid  yellow.  The  solid  dye  gives  a  green  solution 
in  strong  sulphuric  acid,  and  on  adding  water,  the  color  changes 
to  blue,  then  to  violet,  and  lastly  a  dirty-brown  precipitate  is 
formed. 

Scarlets  3  B,  S  R,  and  4-  B  are  varieties  of  Biebrich  scarlet. 
Scarlet  S,  or  Ponceau  SS  extra,  is  metameric  with  Biebrich  scar- 
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let,  the  betanaphthol  being  sulphonated  instead  of  the  amine, 
thus: — 

r(2)0H 

C,H, - N  =  N - C,H, -  N -  N  -  (1)C,„H,  ]  (3)S03Na 

((6)S03Na, 

or  azobenzene-azobenzene-betanaphthol-disulphonate  of  sodium. 
It  is  a  brown  powder,  soluble  in  water  with  magenta-red  color. 
The  solution  yields  a  violet  precipitate  with  hydrochloric  acid,  and 
is  turned  reddish-violet  by  soda. 

Brilliant  crocein  If  is  a  dye  of  the  same  composition  prepared 
with  sodium  betanaphthol-y-sulphonic  acid  instead  of  salt  R.  It 
is  a  light  brown-powder,  forming  a  cherry-red  solution,  which  is 
turned  brown  by  soda,  and  gives  a  brown  precipitate  with  hydro- 
chloric acid. 

Azococcin  7  B  and  Ci^ocein  B  are  coloring  matters  from  alpha- 
naphthol  analogous  to  scarlet  S.  Azococcin  7  B  is  a -difficultly 
soluble  brown  powder.  The  magenta  colored  solution  gives  a 
brownish-red  precipitate  with  hydrochloric  acid,  and  with  soda  a 
violet-red  precipitate  soluble  in  water.  Crocein  B  is  brown-red, 
difficultly  soluble  to  a  magenta-colored  solution  which  is  precipi- 
tated violet  by  hydrochloric  acid,  and  gives  a  violet  coloration  with 
soda.  Archil  red  is  homologous  with  scarlet  S,  containing  two 
xylene-  instead  of  two  benzene-residues. 

The  Tetrazo-dyes  are  characterized  by  their  behavior  on  reduc- 
tion. With  tin  or  hydrochloric  acid,  or  other  acid  reducing  agent, 
the  decomposition  is  complete;  but  when  treated  with  zinc  and 
ammonia  only  partial  decomposition  ensues  and  the  decolorized 
and  filtered  solution  usually  acquires  a  yellow  color  on  exposure 
to  air,  the  colorless  hydrazo-compound  formed  being  oxidized  to 
acid  yellow  and  amido-azobenzene  ox  some  allied  body.  (See 
below. ) 

A  further  distinction  between  the  various  red  tetrazo-dyes  con- 
taining a  naphthol  nucleus  is  to  be  found  in  their  behavior  when 
treated  in  the  solid  state  with  strong  sulphuric  acid,  as  is  shown 
in  the  following  table: — 
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Dye. 

Color  with  Sulphuric 
Acid. 

Products  of  Reduction. 

With 
Strong 
Acid. 

On  Dilution 
with  Water. 

In  Alkaline  Solution. 

In  Acid  Solution. 

A   

Biebrich 
scarlet. 

Green. 

Blue,  brown, 
and  brown 
precipitate. 

A  m  i  d  0  -  /5  -  naphthol 
and  amido-hydra- 
zobenzene  -  d  i  s  u  1  - 
phonic    acid  (oxi- 
dizing with  yellow 
color). 

Amido  -  ft  -  naphthol 
sulphanilic  acid, 
and  para-diamido- 
benzene-sulphonic 
acid. 

Fast  scarlet. 

Green. 

Blue ;  then 
blue  -  r  ed 
changing  to 
scarlet. 

A  m  i  d  o  -  /5  -  naphthol 
para  -  diamido  -  ben- 
zene   and  amido- 
hydrazo  -  benzene 
sulphonic  acid  (oxi- 
dizing with  yellow 
color). 

B   

Scarlet  S. 
Ponceau 
SS  extra. 

"Violet. 

Violet  ppt. 

Amido-  ft  -  naphthol- 

and  amido-azoben- 
zene. 

Sulphuric  acid, 
amido-|(5-iiaphthol, 
aniline,  and  para- 
diamido-benzene. 

Brilliant 
crocei'n  M. 

Reddish- 
violet. 

Blue-violet ; 
and  red  or 
brown  ppt. 
on  further 
dilution. 

Azococcin 
7B. 

^— — ^— ^— 

isiuisn- 
violet. 

Brownish-red 
ppt. 

Crocei'n  B, 

Violet. 

Violet  ppt. 

C   

Crocei'n  scar- 
let 3  B. 

Indigo- 
blue. 

Yellow-brown 
ppt.,  and 
then  red  so- 
lution. 

Amido  -  ft  -  naphthol- 
a-sulphonic  acid  and 
amido  -  hydrazoben- 
zene  sulphonic  acid 
(oxidizing  "  to  acid 
yellow). 

Sulphuric  acid, 
amido-^-naphthol, 
sulphanilic  acid, 
and  para-diamido- 

Croce'i'n  scar- 
let 7  B. 

Blue. 

Violet-red. 

Orseillin2B. 

Blue. 

Red. 

Ponceau  S 
extra. 

Blue. 

Yellowish- 
red. 
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From  this  table  it  appears  that  (A)  when  the  sulphonic  group 
(SO3H)  exists  in  the  benzene  nucleus  or  nuclei  only,  as  in  Biebrich 
scarlet,  a  green  coloration  is  produced;  (B)  when  the  naphthol 
nucleus  is  alone  sulphonated,  as  in  scarlet  S,  the  dye  dissolves  in 
strong  sulphuric  acid  with  violet  color;  while  (C)  when  both  the 
benzene  and  naphthol  or  naphthalene  residues  are  sulphonated,  as 
in  the  crocein  scarlets,  a  blue  coloration  is  obtained/ 

Soudan  III,  or  Amido-azobenzene-azobetanaphthol.  CgHg.Ng.- 
CgH^.     CjoHg.  This  is  the  only  unsulphonated  tetrazo-dye  of 

commercial  interest.  It  forms  a  brown  powder  insoluble  in  water, 
but  soluble  in  alcohol.  It  dissolves  in  concentrated  sulphuric  acid 
with  bluish-green  color,  becoming  blue  on  addition  of  water,  and 
giving  a  red  precipitate  on  further  dilution. 

Tetrazo- Browns  mostly  belong  to  the  class  of  bodies  sometimes 
called  disazo-compounds,  the  constitution  of  which  is  sup- 
posed to  be  somewhat  different  from  that  of  the  ordinary  tetrazo- 
compounds.  The  following  coloring  matters  of  this  class  occur  in 
commerce: — 

Resorcin  brown,  .  CA(OH).:  {  ^i^g^gf^,) 
Fast  brown  (Bayer),  CA(OH).:  { 
Acid  brown  G,  .  C,H.(NH.),  {  ^J;§g^^(so3Na) 
Acid  brown  R,  .  C,H.(NH.),  {  l^'^l.^^o^^^^ 
FastbrownG(Tillman's),C,H,(OH)a:  {  N.§i;(SO;Na) 
Fast  brown  (Meister),     C,A(OH)a:  { 

Resorcin  Brown.  CeH3(CH3),.N,.C,H,(OH)3.N2.CgH/S03Na). 
This  compound  is  one  of  the  few  tetrazo-colors  not  containing  a 
naphthalene  nucleus.  It  is  a  brown  powder,  soluble  in  water  to  a 
brown  solution  which  is  but  slightly  changed  by  soda,  but  yields  a 
brown  precipitate  with  hydrochloric  acid.  The  solid  dye  dissolves 
in  strong  sulphuric  acid  with  brown  color,  and  on  dilution  with 
water  a  brown  precipitate  is  formed. 

*  AzoRUBiN  2  S,  produced  by  reacting  on  diazotized  acid  yellow  with  Neville's 
a-naphthol-sulphonic  acid  from  napthionic  acid  (and  hence  a  dye  of  class  C) 
appears  to  be  an  exception  to  this  rule,  for  it  dissolves  in  sulphuric  acid  with 
a  green  color,  becoming  blue  on  dilution. 
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Acid  Brown  G  is  the  type  of  several  similar  bodies  obtained  by 
introducing  an  amine  residue  instead  of  a  phenol  residue.  It  is 
prepared  by  the  action  of  diazobenzene  "chloride  on  chrysoidine- 
sulphonic  acid.  It  dissolves  in  strong  sulphuric  acid  with  reddish- 
brown  color,  becoming  yellowish  on  dilution  with  water. 

Acid  Brown  II  is  a  similar  dye  prepared  by  the  action  of  diazo- 
tized  naphthionic  acid  on  chrysoidine.  It  is  a  brown  powder, 
forming  a  brown  aqueous  solution  which  is  unchanged  by  alka- 
lies, but  precipitated  brown  by  acids.  In  strong  sulphuric  acid 
the  dye  dissolves  with  a  dirty  olive  color,  and  on  dilution  gives 
first  a  reddish  and  then  a  brown  precipitate. 

Fast  Brow^n  G  is  a  brown  powder,  forming  a  reddish-brown  so- 
lution. Dilute  hydrochloric  acid  gives  a  violet  precipitate,  soluble 
in  excess  with  a  violet  color,  or  in  water  with  a  brown  color.  Alka- 
lies turn  the  aqueous  solution  cherry-red.  Strong  sulphuric  acid 
dissolves  the  solid  dye  with  a  violet  color,  becoming  yellowish-brown 
on  dilution. 

Fast  Brown  of  Meister,  Lucius,  and  Briining  is  homologous 
with  the  last  dye,  and  forms  a  dark  brown  powder  soluble  in  water 
with  a  brown  color.  Alkalies  turn  the  solution  reddish-yellow,  and 
dilute  acids  give  a  violet  precipitate.  Strong  sulphuric  acid  dis- 
solves the  dye  with  a  violet  color,  becoming  red  on  dilution.  The 
color  produced  on  wool  is  a  brownish-red. 

Phenylene  Brown.  C,H,<^Cc'h'(NH  )''^^^^^  ™^ 
oring  matter,  which  is  also  known  by  the  name  of  Bismarck  brown, 
vesuvine,  Manchester  brown,  cinnamon  brown,  leather  brown,  canelle, 
etc.,  is  the  hydrochloride  of  benzene-disazophenylene-diamine.^ 
The  commercial  product  forms  a  dark  brown  powder  always  con- 
taining more  or  less  common  salt,  and  on  solution  in  water  often 
leaves  a  residue  of  insoluble  impurities.  The  aqueous  and  alco- 
holic solutions  are  brown,  and  do  not  become  gelatinous  on  cool- 
ing, but  the  liquid  is  turned  red  by  a  large  excess  of  hydrochloric 
acid,  though  unchanged  by  slight  excess.  This  reaction  is  very 
characteristic.    Ammonia  and  the  fixed  alkalies  give  a  voluminous 

^  Phenylene-brown  is  prepared  on  a  large  scale  by  reducing  a  known  weight  of 
dinitrobenzene  with  finely-divided  iron  and  a  little  hydrochloric  acid,  and  then 
boiling  with  water  and  milk  of  lime.  The  solution  is  filtered  from  the  precipitate 
of  iron  oxide,  and  treated  in  the  cold  with  the  quantity  of  sodium  nitrite  and 
dilute  hydrochloric  acid  requisite  to  react  with  the  meta-phenylenediamine,  when 
the  color  forms  immediately,  and  is  salted  out  and  collected  on  filters. 
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brown  precipitate  of  the  free  base,  which  is  somewhat  soluble  in 
boiling  water,  and  more  readily  in  alcohol,  and  when  purified  by 
recrystallization  forms  small  yellowish-red  crystals  which  melt  at 
137°.  Phenylene-brown  dissolves  in  strong  sulphuric  acid  with 
reddish-brown  coloration,  becoming  orange-red  on  dilution.  The 
aqueous  solution  gives  a  brown  precipitate  with  basic  lead  acetate 
(distinction  from  chrysoidine  orange),  and  is  decolorized  by 
treatment  with  a  hydrochloric  acid  solution  of  stannous  chloride. 

Phenylene-brown  dyes  wool  a  brownish- orange.  It  is  much 
used  for  dyeing  leather.  On  cotton  it  is  mordanted  with  Turkey- 
red  oil,  or  by  tannin  and  tartar-emetic. 

Naphthol  Black  or  Azo-Black  contains  CioH5(S03Na)2.N2. 
CioHg.N2.CioH,(OH)/3(S03Na)2,  and  results  from  the  action  of  salt 
R  on  diazotized  amido-azonaphthalene-disulphonic  acid.  It  forms 
a  readily  soluble  black  powder,  yielding  a  dark  blue-violet  aqueous 
solution,  precipitated  red- violet  by  hydrochloric  acid,  and  giving 
with  alkalies  a  blue  precipitate  soluble  in  much  water.  Precipi- 
tates are  yielded  with  barium  and  calcium  chlorides,  as  also  by 
solutions  of  iron  and  other  heavy  metals.  The  dye  dissolves  in 
strong  sulphuric  acid  with  a  dark  green  color  becoming  blue  on  di- 
lution. Naphthol  black  dyes  silk  and  wool  a  blue-black  in  a 
slightly  acid  bath.^ 

Wool-Black  is  a  similar  dye  produced  by  the  reaction  of  diazo- 
tized amido-azobenzene-disulphonic  acid  on  paratolyl-betanaph- 
thylamine,  and  has  the  formula,  C.H.CSOgKaO.N^.C.HgCSOgNa). 
N^.CioHg.NHCC^H,)-  It  gives  a  violet  precipitate  with  soda,  and 
a  red  violet  precipitate  with  hydrochloric  acid;  and  dissolves  in 
strong  sulphuric  acid  with  a  blue  color,  yielding  a  brown  precipitate 
on  dilution.  Both  wool- black  and  azo-black  are  employed  as  in- 
digo-substitutes in  wool-dyeing.  They  are  fairly  fast,  and  can  be 
applied  in  the  simplest  possible  manner,  namely,  by  simply  im- 
mersing the  wool  in  an  acid  bath  of  the  dye,  but  the  color  is  apt 
to  bleed  in  the  milling  process. 

Naphthol  Black  3  B  has  the  formula  CjoH^CNa  S03)2.N  :  N.Cj^ 
HsCSOaNa)^.  It  occurs  in  the  form  of  a  crystalline  powder,  giving 
a  dark  blue  solution  in  water.  In  strong  sulphuric  acid  it  dis- 
solves with  a  black  color,  changing  to  purple  on  dilution.  The 
aqueous  solution  with  hydrochloric  acid  shows  no  change,  but 

1  Naphthol  inack  is  dyed  on  wool  by  first  boiling  the  material  in  an  acidulated 
bath,  then  adding  the  dyestuff.  It  is  very  fast  against  the  action  of  light,  acids, 
and  stoving,  but  only  moderately  fast  to  washing. 
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caustic  soda  turns  it  to  a  bluer  color.  It  is  an  acid  dye  for  woo], 
giving  deep  navy  blue  shades  which  are  quite  fast  to  acids,  alkalies, 
and  light.  There  are  several  other  naphthol  blacks  with  similar 
characteristics  to  the  above. 

Naphthol  Black  6  B  has  the  formula  CioH5(S03Na)2.N  :  N. 

CioHgN  :  N.  C,oH,  |  (^^sNa)^       j-ggj.g        ^^le  3  B  brand  in  being 

soluble  in  alcohol,  and  dyeing  a  redder  shade  of  blue. 

Naphthol  Black  4  R  has  the  same  formula  as  the  above,  but  is 
made  from  the  /3-naphthol->-disulphoniG  acid  whereas  the  former 
is  prepared  from  /3-naphthol-disulphonic  acid  R. 

Naphthylamine  Blacks  are  somewhat  similar  to  the  naphthol 
blacks  just  described.  Naphthylamine  Black  D  ^  is  a  combina- 
tion of  amido-azo-naphthalene-disulphonic  acid  with  a-naphthyl- 
amine.  It  dyes  the  animal  fibres  from  a  neutral  bath  giving  black 
shades  with  a  red  tone,  which  are  fairly  fast  to  light  and  fulling. 

Jet  Black  R  is  obtained  by  combining  a-naphthylamine  with 
with  diazotized  benzene  sodium  disulphonate-azo-naphthylamine. 
It  may  be  employed  as  a  direct  dye  on  cotton  in  connection  with 
borax,  but  only  very  pale  shades  are  obtained.  Animal  fibres  are 
dyed  from  a  neutral  bath,  giving  black  shades  fairly  fast  to  light 
and  milling.  Jet.  Black  G  is  a  very  similar  dyestuff  prepared 
from  the  corresponding  toluene  derivative;  it  is  dyed  in  the  same 
manner  as  the  former,  but  gives  greener  shades  of  black  equally  as 
fast  as  the  R  brand. 

*  Naphthylamine  Black  has  been  sold  under  the  name  of  Alizarin  Black,  but  it 
is  not  in  any  sense  an  alizarin  derivative. 
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Commer- 
cial 
Name. 

1 

Formula. 

Remarks. 

Fast 
Brown. 

CeH,(CH3)2.S03Na-N=N   „   „  q^,  . 
C6H2(CH3)2.S03Na— N=N>^io^6^^^"^ 

From  2  mols.  xyli- 
dine  sulphonic 
acid  and  alpha- 
naphthol. 

Acid. 
Brown  R. 

NHs  3);^e-^2<N=N(l)|p  jr 
N03Na(4) 

From  naphtliionic 
acid  +  chrysoi- 
diue. 

Clayton 
Cotton 
Brown. 

CH 

SOgNa)  p  TT  ,,^p/S(2)  ICeHa 

NH2/'^6^2<N=N(1  Ip  XT 
S03Na(4) 

Terra 
Cotta  F. 

NH2 1  p  TT  .N=N-P 
^jj2|CeH2  <N=N-CioH6.S03Na 
(P  =  Primuline  radicle.) 

Sudan  III. 

fN=N-C6H, 
'"6^*1  N=N-Ci  oHeOHC  5) 

Acid 
Brown  G. 

NH2(1)1ptt  ^N=N-C6H5 

NH,(3)  r^^^  <{4)N=N-(l)C6H4(4)S03Na 

From  aniline  -|- 
chrysoidine. 

Resorcin 
Brown. 

H0(l))pTT  .(2)N=N-C6H3(CH3)2 
H0(3)  J^«-"2  <(4)N=N— (l)C6H4(4)S03Na 

From  xylidine  -t- 
tropseoline  0. 

Fast 

Brown  G. 

HOn^r   H  n2)N=N(l)CeH4(4)S03Na 
MU(l)OioH6  1  (4)N=N(l)C6H4(4)S03Na 

From  sulphanilic 
acid  +  alpha- 
naphthol. 

Fast 

x>i  yj  vv  11 

(Bayer). 

H0(1))  p  TT    f  (2)N=N(l)CioHe(4)S03Na 

Phenylene 

Brown. 
Bismarclc 
Brown. 
Manches- 
ter Brown. 

r(l)N=N-(l)CeH3{{2jNH2HCl 
\(3)N=N-(l)CeH3  {{^jgg^^^^ 

From  diazotized 
metaphenylene- 
diamine. 

Toluylene 
Brown. 

rN=N-CeH2(NH2)2— N=N— CioHe.SOsNa 
[  N=N— CeHa  ( NH2 )  2— N=N— C 1  .S03Na 

Benzo- 
Brown  G. 

r(l)NH2 

r  (1)N=N— (4)C6H2^  (2)N=N— (l)CeH4(4)S03Na 

[  (3)N=N— (4)C6H2^  (2)N-N-(l)C6n4(4)S03Na 
((3)NH2 

From  Bismarck 
brown. 

Benzo- 
Brown  B. 

r(l)NH2 

r  (l)N==N-(4)Cen2^  (2)N=N-(l)C,oHo(4)S03Na 
0  TT   1  ((3)NH2 

*-6"4i  r(i)NH2 

[  (3)N=N-(4)C6H2-^  (2)N=N-(l)Cion6(4)S03Na 
U3)NH2 

From  Bismarck 
brown. 
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Character  of 
OF  Dyestuff. 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  Acid. 

Other  Charac- 
teristics. 

With 
Caustic 
Soda. 

With  Hy- 
drochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilution 
with  Water. 

Brown  powder; 
brown  solu- 
tion. 

Orange. 

Violet  ppt. 

Violet. 

Red. 

Liable  to  dye  un- 
even. 

Brown  powder; 
brown  solu- 
tion. 

No  change. 

Brown  ppt. 

Green. 

Brown  ppt. 

BroAvn  powder; 
brown  solu- 
tion. 

No  change. 

Brown  ppt. 

Violet. 

Brown  ppt. 

Dyes  cotton 
direct. 

Brown  powder; 
brown  solu- 
tion. 

No  change. 

Brown  ppt. 

Violet. 

Brown  ppt. 

Dyes  cotton 
direct. 

Brown  powder; 
insoluble  in 
water,  soluble 
in  alcohol. 

Green. 

Red  ppt. 

Used  for  coloring 
oils  and  var- 
nishes. 

Brown  pKJwder; 
brown  solu- 
tion. 

No  change. 

No  change. 

Reddish- 
brown. 

Yellowish- 
brown. 

Brown  powder; 
brown  solu- 
tion. 

No  change. 

Brown  ppt. 

Brown. 

Brown  ppt. 

Fast  to  light  and 
milling  on  wool. 

Brown  powder; 
brown  solu- 
tion. 

Red. 

Violet  ppt. 

Violet. 

Yellow. 

Brown  powder; 
brown  solu- 
tion. 

Red. 

Brown  ppt. 

Violet. 

Red. 

Brown  powder; 
brown  solu- 
tion. 

Brown 
ppt. 

No  change. 

Brown. 

Red. 

Converted  by  re- 
ducing agents 
into  phenylene- 
diamine  and  tri- 
amido-benzene. 

Dark  brown 
powder;  brown 
solution. 

Orange 
ppt. 

Brown  ppt. 

Violet. 

Brown. 

Direct  cotton  dye. 

Dark  brown 
powder;  brown 
solution. 

J_>1  \J  V*  IX 

ppt. 

Violet. 

"Rrown  ViTif 

±JX\J\1±±  Jp^l'. 

Direct  cotton  dye. 

Dark  brown 
powder;  brown 
solution. 

Brown 
ppt. 

Brown  ppt. 

Violet. 

Brown  ppt. 

Direct  cotton  dye. 
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Commercial 
Name, 

Formula. 

Remarks. 

Catechu 
Brown. 

r(i)N=N- 
CsHJ 

i(3)N=N- 

-(4)C,H3{;fg2N_(4)C,H3. 

r(i)NH2 

L(3)NH, 
KDNH^ 
[  (3)NH, 

From  Bismarck 
brown. 

Direct  Brown 
J. 

r(i)N 
CbhJ 

l(3)N 

{iSN-CeH^.CO^Na 
^^"^eHa  1  CeH^.CO^Na 

From  Bismarck 
brown. 

Cloth  Red  G. 
Azoeoccine 
7B. 

CeH^I 

N=N-CgH5  ((DOB. 

From  N  W  acid. 

Croceine  B. 

CeH^ 

fN=N— CeHs  r(l)OH 
(n==N-(2)C,oHJ  (4)S03Na 
i(8)S03Na 

From  Sch.  acid. 

Ponceau  R  R. 

CsH^ 

fN=N-C6H5  C(2)0B. 

1n=n-(i)c,oH3{(§oh 

From  S  acid. 

Brilliant 
Croceine. 

Cotton 
Scarlet. 

CeH^ 

fN=N-C6H5       (-(2)  OH 
[N=N — (l)CioH4K  (ejSOgNa 
l{8)S03Na 

From  y  acid. 

Ponceau  SS 
extra. 

CeHi 

|N=N-C6H5  f(2)0H 
\N=N— (l)CioH4-<  (3)S03Na 
U6)S03Na 

From  R  acid. 

Ponceau  5  R. 
Erythrin  X. 

CgH^ 

(JN^JN  <-ioJi3|(S03Na)3 

Croceine  3  B. 

CeHg 

j-N=N-C6H4.CH3 

From  Sch.  acid. 

Cloth  Keel  (j. 

'N=N— C6H4.CH3 
i=N-(l)C,oH3{[^)g^^^^ 

From  S  acid. 

Cloth  Red  B 
(Oehler). 

CsHa^ 

N=-N-C6H4.CH3 
CH3  r(2)0H 
N=N-(l)CioH4^  f3)S03Na 
((6)S03Na 

From  R  acid. 

Cloth  Red  B 
(Bayer). 

CgHg-; 

N=N— C6H4.CH3 
N=N-(2)C,oH,{jl)C>n^^ 

From  N  W  acid, 

Cloth  Red  3  G. 

CeH3^ 

N=N— C6n4.CH3 
&-(l)C.„H3{g)NH,^^ 

From  Br.  acid. 

Bordeau  B  X. 

CbhJ 

N=N-C6H3(CH3)2 
N=N-(l)C-H.{(2jOH^^ 

From  S  acid. 
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Chakactek  of 
Dyestuff. 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  Acid. 

Other  Char- 
acteristics. 

With 
Caustic 
Soda. 

With  Hy. 
drocliloric 
Acid. 

With 
Strong 
Acid. 

On  Dilution 
with  Water. 

Brown  powder; 
brown  solu- 
tion. 

Brown  ppt. 

Brown  ppt. 

Brown. 

Brown  ppt. 

Direct  cotton  dye. 

Dark  brown 
p)Owder;  brown 
solution. 

No  change. 

Brown  ppt. 

Brown. 

Brown  ppt. 

Direct  cotton  dye. 

Brown  powder; 
red  solution. 

Violet  ppt. 

Red  ppt. 

Violet. 

Red  ppt. 

Precipitated  from 
aqueous  solu- 
tion by  Glau- 
ber's salt. 

Red  powder; 
red  solution. 

Violet. 

Violet  ppt. 

Violet. 

Violet  ppt. 

Acid  dye  for  wool. 

Brown  powder; 
red  solution. 

Violet  ppt. 

Brown  ppt. 

Blue. 

Brown  ppt 

Obsolete. 

Acid  dye  for  wool. 

Brown  powder; 
red  solution. 

Brown. 

Brown  ppt. 

Violet. 

Brown  ppt. 

The  finest  of  the 

scarlets. 
Acid  dye  for  wool. 

BroAvn  powder; 
red  solution. 

Violet. 

Violet  ppt. 

Violet. 

Violet  ppt. 

Acid  dye  for  wool. 

Brown  powder; 
red  solution. 

Brown. 

Brown  ppt. 

Violet. 

Red. 

Acid  dye  for  wool. 

Brown  powder; 
red  solution. 

Violet. 

Blue. 

Red. 

Acid  dye  for  wool. 

Brown  powder; 
red  solution. 

Blue. 

Brown  ppt. 

But  sparingly  sol- 
uble in  water. 
Dyes  chromed 
wool. 

Brown  powder; 
red  solution. 

Red  ppt. 

Brown. 

Blue. 

Brown  ppt. 

Dyes  chromed 
wool. 

Red  powder; 
red  solution. 

Violet. 

Red  ppt. 

Blue. 

Red  ppt. 

Dyes  chromed 
wool. 

Red  powder; 
red  solution. 

No  change. 

Brown  ppt. 

Blue. 

Red  ppt. 

Dyes  chromed 
wool. 

Brown  powder; 
red  solution. 

Red  ppt. 

Red  ppt. 

Brown. 

Brown  ppt. 

Acid  dye  for  Avool. 
Soluble  in  alco- 
hol. 
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Commercial  Name. 

Formula. 

Remarks. 

Ponceau  4  R  B. 
Croceine  Scarlet 
3  B. 

rN=N-(l)C6H4(4)S03Na 
CeHJN=N-(l)C,oH,{f2!§/,\^ 

From  B  acid. 

Fast  Scarlet. 
Double  Scarlet. 

p  jr  rN=N-(l)CeH4(4)S03Na 
^6^4  (l)CioH6(2)OH 

Orchil  Red  A. 

CeHJ(CH3),  ((2)0H 

iN=N-(l)C,oH  J  (3)S03Na 
((GjSOaNa 

From  R  acid. 

Bordeaux  B  X. 

rN=N-CeH2 

From  S  acid. 

Bordeaux  G. 

rN=N-CeH3|^g^^^ 
^^^Un='N-(1)C,„H3  (gjg^^^^ 

From  S  acid. 

Ponceau  6  R  B. 
Croceine  Scarlet 
7  B. 

j-N^N-CeHajg^^^Na 
lN=N-(l)C.oH.{g)OH^.^ 

From  B  acid. 

Beibrich  Scarlet. 
Ponceau  B. 
Ponceau  3  R  B. 
Fast  Ponceau  B. 
New  Red  L. 
Imperial  Scarlet. 

(N=N-(l)C6H4(4)S03Na 
CeHg^  S03Na 

JN  =  JN  — 0  n  6 

Ponceau  S  extra. 
Fast  Ponceau  2  B. 

('N=N — (l)C6H4(4)S03Na 
C6H3^S03Na  ((2)0H 

(.N=N-(l)CioH4-^  (3)S03Na 
((6)S03Na 

From  R  acid. 

Orseilline  B  B. 

lN=ij-(2)C..H.{<l)0H^, 

From  N  W  acid. 

Manchester  Brown 
EE. 

r(2)NH2.HCl 
|'(3)N=N-(1)C6H2^(4)NH, 

CeH3^  (4)CH3  {ISnVHCl 
1.(1)N=N-(1)C6HJ(4)NH, 
.  l(5)CH3 

Naphthylene  Red. 

^   ^  ((1)N=N-(2)C,oHJ|1|NH^^ 
H(5)N=N-(2)C,oH,{jj|gH^^ 

From  naphthionic 
acid. 

Diamine  Gold. 

f  (1)N=N— (1)C6H4(4)0C2Hs 
C  H  \  :^)S03Na 
^'0^*1  (7)S03Na 

L(5)N=N-(l)C6H4(4)OC2H, 

Wool  Black. 

(N=N-(l)CeH4(4)S03Na 

CeHa^  SOeNa 

iN=N-(l)CioH6(2)C,H,NII 

TETEAZO-DYES. 
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Character 
OF  Dyestuff. 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  Acid. 

Other  Charac- 
teristics. 

With 
Caustic 
Soda. 

With  Hy- 
drochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilution 
with  Water. 

Brown  powder; 
red  solution. 

Violet. 

Brown  ppt. 

Blue. 

Red. 

Acid  dye  for  wool. 
Alum    dye  for 
cotton. 

Brown  crystals; 
red  solution. 

Brown  ppt. 

Yellow. 

Green. 

Red. 

Acid  dye  for  wool. 

Brown  powder; 
violet  solu- 
tion. 

T^TAVVn  TiTif 

jji  yj  w  11 

Blue. 

Brown,  ppt. 

Acid  dye  for  wool. 

Brown  powder; 
red  solution. 

mwn  PT 

Brown  ppt. 

Acid  dye  for  wool. 
Soluble  in  alco- 
hol. 

Brown  powder; 
red  solution. 

Violet. 

Red  ppt. 

Blue. 

Red  ppt. 

Acid  dye  for  wool. 
Soluble  in  alco- 
hol. 

Brown  powder; 
red  solution. 

Violet  ppt. 

Red  ppt. 

Blue. 

Violet. 

Acid  dye  for  wool. 

Brown  powder; 
orange  solu- 
tion. 

Red  ppt. 

Red  ppt. 

Green. 

Red  ppt. 

Acid  dye  for  wool. 

Brown  powder; 
red  solution. 

Violet  ppt. 

No  change. 

Blue. 

Orange. 

Acid  dye  for  wool. 

Brown  powder; 
red  solution. 

Yellower. 

Violet. 

Blue. 

Red. 

Acid  dye  for  wool. 

Brown  powder; 
brown  solu- 
tion. 

Brown  ppt. 

Brown. 

Brown. 

Brown. 

Soluble  in  alco- 
hol. 

Red  powder; 
red  solution. 

No  change. 

Black  ppt. 

Blue. 

Black  ppt. 

Direct    dye  for 
cotton. 

Orange  powder; 
yellow  solu- 
tion in  hot 
water. 

Yellow 
ppt. 

Yellow  ppt. 
Black  with 
excess. 

Violet. 

Green. 

Direct  dye  for 
cotton. 

Soluble  in  alco- 
hol. 

Black  powder; 
violet  solu- 
tion. 

Violet  ppt. 

Violet  ppt. 

Blue. 

Brown  ppt. 

Acid  dye  for  wool. 
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Commercial 
Name. 

Formula. 

X\  ililU  A  xC  iv  0  • 

Fast  Violet  R. 

r  (4)N=N— (l)C6H4(4)S03Na 
CxoHe|(i)N=N-(l)C,oH.{;2)^0^^^^ 

From  S  acid. 

Jet  Black  R. 

^   „  f(4)N=N-CeH3{S03Na)2 
^lo-tie  1  (i)N=N-(l)CioH6(4)NHC6H5 

•  • 

Diamond 
Black. 

f(4)N=N-CeH3{gH^^ 
"-^1(l)N=N-(2)C.oH3{[ljgo^., 

From  N  W 
acid. 

Azonigrine. 

C.oHe|(4)N==N-CeH,{fgH^^^^^ 
((l)N=N-(l)CioH6(2)OH 

Naph  thy  la- 
mine  Black  D. 

^   XT  f(4)N=N-CioH5(S03Na)2 
CioHe  1  (i)N=N-(l)C,oH6(4)NH, 

Naphthol 
Black  6  B. 

Brilliant 
Black  B. 

( (4)N=N-CioH5(S03Na)2 
C^o^J  ((2)0H 

l(l)N=N-(l)CioH  J  (3)S03Na 
((GjSOaNa 

From  R  acid. 

Anthracite 
Black  B. 

('(4)N=N-Cion5(S03Na)2 

CioHe^nW-N   n^r  H  |(2)NHCeH6 
|^(1)N-N-(1)06M3  1  (4)NHC6H5 

Blue  Black  B. 

((4)N=N— CioH6.S03Na 
CaoHe^  r(2)0H 

((l)N=N-(l)CioH  J  (3)S03Na 
((6jS03Na 

From  R  acid. 

Violet  Black. 

r(l)N=N-(l)CioHe(4)NH, 
CeH.|(4^N=N-(2)C,oH3{gjg^tNa 

From  N  W 
acid. 

Naphthol 
Blue  Black. 

C10H2 

fN=N-CeH, 

(1)NH2 

8  OH 

(3)S03Na 

(6)S03Na 
[N=N-(1)C6H4(4)N02 

From  H  acid. 

V  lv>  LUl  ICh 

Black  B. 

f  (l)N=N-(l)C6H4(4)S03Na 
CioHe^  f(l)0H 
i(4)N=N-(4)C,oHj(8)OH 
iS03Na 

Fast  Violet  B. 

C  H|^'^''=''-'^^''^{s03Na 
"  n(l)N=N-(l)C,oH.{[2)gH^^ 

Clayton  Wool 
Brown. 

r(i)Nii2 

(2  NH, 
CelM  N=N-CoH, 

1  N=N-C6H,S0,Na 
LN=N-C,oH6S63Na 

Cloth  Red  3  B 
extra. 

From  delta- 
acid. 

TETRAZO-DYES. 
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Character  of 
Dyestuff. 

EE  ACTION  OF  Aqueous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  Acid. 

Other  Charac- 
teristics. 

With 
Caustic 
Soda. 

With  Hy- 
drochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilution 
with  Water. 

Green  powder; 
violet  solu- 
tion. 

Brown  ppt. 

Violet  ppt. 

Blue. 

Violet  ppt. 

Acid  dye  for  wool. 
Soluble  in  alco- 
hol. 

Black  powder; 
violet  solu- 
tion. 

Violet  ppt. 

Black  ppt. 

Blue. 

Blue  ppt. 

Acid  dye  for  wool. 
Soluble  in  alco- 
hol. 

Black  powder; 
violet  solu- 
tion. 

Blue. 

Violet  ppt. 

Green. 

Violet  ppt. 

Soluble  in  alco- 
hol. 

Dyes  chromed 
wool. 

Black  powder; 
black  solution. 

No  change. 

Red. 

Greenish. 

Red  ppt. 

Acid  dye  for  wool. 

Black  powder; 
black  solution. 

No  change. 

Black  ppt. 

Bluish. 

Black  ppt. 

Acid  dye  for  wool. 

Black  powder; 
violet  solu- 
tion. 

Blue. 

No  change. 

Greenish. 

Violet  ppt. 

Acid  dye  for  wool. 

Black  powder; 
violet  solu- 
tion. 

No  change. 

Violet  ppt. 

Black. 

Greenish. 

Acid  dye  for  wool. 

Black  powder; 
violet  solu- 
tion. 

Blue  ppt. 

Blue  ppt. 

Green. 

Blue  ppt. 

Acid  dye  for  wool. 

Bronze  powder; 
red  solution. 

Violet. 

Violet  ppt. 

Blue. 

Violet  ppt. 

Direct  dye  for  cot- 
ton. 

Precipitated  by 
magenta. 

Black  powder; 
blue  solution. 

No  change. 

Blue  ppt. 

Green. 

Blue  ppt. 

Soluble  in  alco- 
hol. 

Black  powder; 
violet  solu- 
tion. 

Bluer. 

Redder. 

Blue. 

Reddish. 

Acid  dye  for  wool. 

Brown  powder; 
violet  solu- 
tion. 

Violet  ppt. 

Violet  ppt. 

Green. 

Violet  ppt. 

Soluble  in  alco- 
hol. 

Acid  dye  for  wool. 

Brown  powder; 
brown  solu- 
tion. 

No  change. 

No  change. 

Brown  powder; 
1    red  solution. 

1 

Brown  ppt. 

Brown  ppt. 

Green. 

Red. 

Soluble  in  alco- 
hol. 

Acid  dye  for  wool. 
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Commercial 
Name. 

Formula. 

Remarks. 

Fast  Azo-Gra- 

nat. 
Fat  Ponceau. 

CeH.  {  g)&(i)C,H3  { [tjg^^N-(l)C.oHe(2)OH 

Developed  on 
fibre. 

Milling 
Orange. 

^^^^  { (5)N=N-(3)CeH  J6)N=N-(2)C6H3  { jsjoH  ^ 

From  salicylic 
acid. 

Leather 
Brown. 

p  „   f(l)NHC2H30      f  (2)NH2 
^6tl4  |(4)N=N(1)C6H2^  (4)NH2 
( (5)N=N 

-(l)CeH4{4)NHC2H30 

Cotton 
Orange  R  . 

p  rr  f(l)S03Na 
^6^*t(3)N=N-(l)C6- 

(P  =  Primuline 

^(2)NH2 

(4)  S03Na 

(5)  S03Na 

(6)  NH2 

^  (3)N=N— P 
base.)  • 

From  primn- 
line  and  me- 
tanilic  acid. 

Heligoland 
Yellow. 

p  rr  r(l)OH 

^otU  I  (4)N=N(1)C6H4(4)NH.CS.NH.C6H4.N=N.C6H40H 

Azo-Dyes  from  Benzidine  and  its  Analogues/ 

During  the  last  few  years  a  group  of  new  coal-tar  dyes  havo 
been  introduced,^  which  possess  the  characteristic  property  of  dye- 
ing cotton  in  a  neutral  or  alkaline  bath  without  a  mordant,  a  pecu- 
liarity previously  confined  to  a  few  natural  coloring  matters  (e.  g., 
turmeric,  safflower,  annatto).  The  new  dyes  belong  to  the  class 
of  tetrazo-  or  secondary  azo-compounds,  but  differ  from  those  pre- 
viously described  (page  178  et  seq.)  by  containing  two  benzene  nu- 
clei in  the  azo-group,  being  derived  from  diazo-diphenyl  (diazo- 
tized  benzidine)  or  its  analogues.  They  all  contain  a  sulpho-  or 
carboxyl  group,  and  occur  in  commerce  as  sodium  salts. 

When  an  alcoholic  solution  of  nitrobenzene  is  treated  with  caus- 
tic soda  and  zinc-dust,  azobenzene,  CgHg.Nj.CgHg,  is  formed. 
This  body  is  converted  by  boiling  with  zinc-dust  into  hydrazo- 
benzene,  CgHg.NH.NH.CgHg,  and  this  on  treatment  with  strong 
hydrochloric  acid  is  converted  by  a  molecular  change  into  benzi- 
dine, which  is  precipitated  on  adding  excess  of  ammonia. 

Benzidine  hns  the  constitution  of  a  diamido-diphenyl  in  which 

*  A  very  valuable  paper  on  the  Benzidine  and  Allied  Colors,  from  which  much 
of  the  information  in  the  text  is  derived,  has  been  published  by  G.  II.  Ilurst 
{Jour.  Soc.  Dyers,  etc.,  iv.  14). 

*  Congo  Ked,  discovered  by  Ba  ttiger  in  1884,  was  the  first  of  these  dyestufls. 
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Character 
OF  Dyestuff. 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  Acid. 

Other  Charac- 
teristics. 

With 
Caustic 
Soda. 

With  Hy- 
drochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilution 
with  Water. 

Brown  powder; 
insoluble. 

Violet  with 
alcohol 
solution. 

Green. 

Red  ppt. 

Soluble  in  alcohol. 
Ingrain  color. 

Brown  powder; 
orange  solu- 
tion. 

Red  ppt. 

Yellow  ppt. 

Violet. 

Yellow  ppt. 

Chrome  dye  for 
wool. 

Black  powder; 
brown  solu- 
tion. 

Brown  ppt. 

Darker. 

Brown. 

Dye  for  leather. 

Brown  powder; 
orange  solu- 
tion. 

No  change. 

Red  ppt. 

Red. 

Red  ppt. 

Direct  dye  for  cot- 
ton. 

Brown  powder; 
yellow  solu- 
tion. 

Redder. 

Brown  ppt. 

Orange. 

Brown  ppt. 

Direct  dye  for  cot- 
ton. 

both  the  NHg  groups  occupy  the  para-position.  When  the  di-hy- 
clrochloride  is  treated  in  acid  solution  with  nitrous  acid  or  podium 
nitrite  it  is  diazotized,  forming  tetrazo-diphenyl  dichloride, 
according  to  the  following  equation : — 


an,,  NH,.  HCl  CJI,.  N  :N.  CI 

I  +2HNO,  =  4Hp+| 

C,H,.  NH^.  HCl  CgH,.  N  :N.  CI 


By  reaction  with  aromatic  amines  or  phenols,  or  their  deriva- 
tives, the  tetrazo-diphenyl  dichloride  forms  the  series  of  coloring 
matters  known  as  the  benzidinedyes,  of  which  congo-red  is 
the  type.  To  produce  this  substance,  the  solution  of  one  mole- 
cule of  tetrazo-diphenyl  dichloride  is  added  to  a  well-cooled  solu- 
tion of  two  molecules  of  sodium  naphthionate,  and  then  sodium 
acetate  added: — 

CeH,N3.Cl 

I  +  2C„H,(S03Na)NH, 

C.H,N,C1 

C,H..N,.C,.H,(S03Na).NH, 
C,H..N,.C„H,(S0,Na).NH,. 


=  2HCH- 


196 


DYES  AND  COLORING  MATTERS. 


The  reaction  requires  several  hours  for  its  completion,  and  occurs 
in  two  distinct  stages,  an  intermediate  product  being  first  obtained. 
This  is  of  general  occurrence  under  similar  circumstances,  and  by 
taking  advantage  of  the  fact  it  is  possible  to  combine  one  molecule 
of  diazotized  benzidine  or  an  analogous  body  with  two  different 
phenols,  amines,  etc.  Thus  congo  corinth  is  obtained  by  first  re- 
acting on  one  molecule  of  tetrazo-diphenyl  dichloride  with  one 
molecule  of  sodium  alphanaphthylamine-sulphonate,  and  treating 
the  intermediate  product  thus  obtained  with  sodium  alphanaph- 
thol-sulphonate: — 

C6H,-N  =  N-(2)C,,H5|  WNH^^^^  (  (1)0H 

tn-N^N-Cl  -^^^oH,|(4)so3Na 

^  HCl  +       "    ^    ~  ^ 

By  processses  similar  to  those  employed  for  the  preparation  of 
benzidine,  the  homologous  base,  tolidine,  (NH2).CgH3(CH3)„ 
CgH3(CH3).(NH2),  can  be  prepared  from  nitrotoluene, 
CgH^(CH3)(N02);  and  when  diazotized,  tolidine  yields  tetrazo- 
ditolyl  dichloride,  homologous  with  the  similar  product 
from  benzidine.  This  body  reacts  with  phenols,  aromatic  amines, 
etc.,  in  the  same  way  as  its  lower  homologue.  Benzopurpurin  and 
azo-blue  are  examples  of  coloring  matters  thus  obtained. 

By  first  sulphonating  paranitrotoluene,  and  treating  the  product 
with  zinc-dust  and  caustic  soda,  it  is  converted  into  d  i  a  m  i  d  o  - 
stilbene-disulphonic  acid,  and  this  when  diazotized  in 
hydrochloric  acid  solution  yields  the  dichloride  of  tetrazo- 
stilbene-disulphonic  acid: — 

CH.aH3(S03H).NH2 

I  +2HNO2 

CH.C,H3(S03H).NH2 

CH.CgH3(S03H).N2.Cl 
=  4H20+  I 

CH.CgH,(S0.,H).N2.Cl. 

This  body  can  react  with  phenols,  amines,  etc.,  to  form  coloring 
matters,  of  which  brilliant  yellow  and  the  Hessian  purples  are  exam- 
ples. 
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Similar  coloring  matters  are  obtainable  from  diamido-fluo- 
rene,  C^.H.CNH,),. 

As  already  stated,  all  the  coloring  matters  of  the  class  under 
^consideration  dye  cotton  in  a  neutral  or  slightly  alkaline  bath, 
without  the  aid  of  a  mordant.  In  practice,  the  cotton  is  boiled  in 
a  solution  of  dye  rendered  alkaline  by  soap  and  sodium  phosphate 
and  carbonate.  Borate,  silicate,  and  stannate  of  sodium  are  also 
used. 

The  benzidine  dyes  can  also  be  used  for  wool,  but  an  alkaline 
bath  is  an  objection.  With  some  of  them  a  bath  acidulated  with 
acetic  acid  can  be  employed.  The  colors  produced  on  wool  by  the 
blue  and  violet  dyes  of  this  class  are  always  much  redder  in  shade 
than  are  given  by  the  same  dyes  on  cotton.  The  colors  on  wool 
are  faster  to  light  than  those  on  cotton,  and  may  be  rendered  fast 
to  milling  by  the  addition  of  acetic  acid  or  ammonium  acetate  to 
the  dye-bath,  or  in  some  cases,  by  an  after  treatment  with  bichro- 
mate of  potash.  An  after  treatment  with  copper  sulphate  solution 
also  renders  many  of  the  benzidine  colors  faster  to  light  on  wool. 

The  fastness  against  light  and  fulling  of  a  number  of  the  benzi- 
dine colors  may  be  very  materially  increased  when  dyed  on  cotton 
by  a  subsequent  treatment  with  such  metallic  salts  as  copper 
sulphate,  chromium  fluoride,  and  potassium  bichromate.  In 
some  cases  the  shade  is  not  much  altered  by  this  process,  whilst  in 
others  the  shade  is  changed  considerably,  generally  being  rendered 
duller.  Copper  sulphate  appears  to  have  more  influence  on  the 
shade  than  the  chromium  salts.  The  exact  chemical  effect  of 
these  metallic  salts  on  the  dyestuff  is  not  known  with  any  cer- 
tainty. It  has  been  supposed  that  treatment  with  copper  sulphate 
causes  a  film  of  a  copper  compound  to  be  precipitated  on  the  fibre 
which  serves  to  protect  the  color  underneath  from  the  action  of 
light.  Potassium  bichromate  no  doubt  exerts  an  oxidizing 
influence. 
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Commercial  Name. 

Formula. 

Remarks. 

From  Benzidine. 
Chrysamine  G. 
Flavophenin. 

CeH4-N=N-(4)CeH3  { jsicO.H 
CeH,-N=N-(4)CeH3 1 J2  jcO.H 

From  salicylic  acid. 

Congo  yellow. 

CgH^— N=N— NH(4)C6H4(l)S03Na 
A  XT    \r— >j   M^p  TT  /^i  ^^TT 

From  sulphanilic  acid 
and  phenol. 

Congo  Eed. 

CeH,-N=N-(2)C,oHjfj;|3^^|^a 
CeH,-N=N-(2)C,oH3{fJjfo% 

From  naphthionic 
acid. 

Deltapurpuriu  G. 

CeH,-N=N-(l>C,oH3 1  [2)NH^^ 
CeH,-N=N-(l)C,oH,  I 

From  /?-naphthyla- 
mine  sul phonic  acid. 

Brilliant  Congo  G. 

CeH,-N=N-(l)C.oH.{j2)NH^^^ 

1  ((6)S03Na 
CeH4-N=N-(l)CioH4^  (3  S03Na 
C(2)NH2 

From  R  acid. 

Sulphanil  yellow. 
Parasulphuxine  S. 

C6H4-N=N-NH(4)C6H4(l)S03Na 

1 

C6H4-N=N-NH(4)C6H4(l)S03Na 

From  sulphanilic  acid. 

Azo-orseilline. 

CeH4-N=N-(2)C,oHJ|l)OH^.^ 
C6H4-N=N-(2)CioH5 1  l!?o  Na 

From  N  W  acid. 

Bordeavix  Extra. 
Congo  Violet. 
Bordeaux  C  0  V. 

CeH4-N=N-(l)C.oHJj2)OH^^^ 
6eH4-N=N-(l)C,oH6  j  f^j9^^.T„ 

From  y3  acid. 

Congo  Corinth  G. 

CeH4-N=N-{2)C,oHj;i)fo% 

From  N  W  acid. 

Congo  G. 

CeH4-N=N-NH(l)CeH4(3)S03Na 
CeH4-N=N-(2)C,oH«  {  ffl^^^Na 

From  sulphanilic  and 
naphthionic  acid. 

Alkali  Red. 

C,H4-N=N-C,oH4{fs?";(?2), 
CeH4-N=N-(2)CioHs  j 

From  uaphthylamine 
disnlphonic  and 
naphthionic  acids. 

Congo  P. 

C6H4-N=N-(l)CioH4^  (6)S03Na 
1  i(8)S03Na 
C6H4-N=N-(l)CeH4(4)0H 

From  G  (}')  acid. 

Direct  Red  B. 
Diamine  Scarlet  B. 

C6ll4-N=N-(l)CeH4(4)0C2H, 
1  ((2)OH 
C6H4-N=N-(l)CioH4^  (DSOgNa 
((8)S03Na 

From  G  acid. 

BENZIDINE-DYES. 
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Chakacter  of 
Dyestuff. 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  with 
SuLPHUEic  Acid. 

Other  Charac- 
teristics. 

With 
Caustic 
Soda. 

With  Hy- 
drochloric 
Acid. 

With  Strong 
Acid. 

On  Dilu- 
tion with 
Water. 

Brown  powder; 
yellow  solu- 
tion. 

Brown. 

Brown  ppt. 

Violet. 

Brown 
ppt. 

Brown  ppt.  with 
acetic  acid. 

Yellow  paste; 
yellow  solu- 
tion. 

Brown. 

Brown  ppt. 

Red. 

Brown 
ppt. 

Brown  ppt.  with 
acetic  acid. 

Brown  powder; 
brown  solu- 
tion. 

Brown 
ppt. 

Blue  ppt. 

Blue. 

Blue  ppt. 

Violet  ppt.  with 
acetic  acid. 

Red  powder; 
orange  solu- 
tion in  hot 
water. 

No  change. 

Brown  ppt. 

Blue. 

Brown 
ppt. 

Red    ppt.  with 

acetic  acid. 
Obsolete. 

Precipitated  by 
magenta. 

Brown  powder; 
red  solution. 

No  change. 

Violet  ppt. 

Blue. 

Violet  ppt. 

Precipitated  by 
magenta. 

Yellow  paste; 
yellow  solu- 
tion. 

No  change. 

Decomposed, 
nitrogen 
evolved  on 
heating. 

Violet  paste; 
violet  solu- 
tion. 

Red. 

Violet  ppt. 

Blue. 

Violet  ppt. 

Brown  powder; 
red  solution. 

V  lUlcL  pl'l'. 

Violet. 

Violet  ppt. 

Black  powder; 
red  solution. 

Xvt-U.U.t-1  . 

Blue. 

Violet  ppt. 

Violet  solution 
with  acetic  acid. 

Precipitated  by 
magenta. 

Brown  powder; 
red  solution. 

Blue. 

Tilnp  riTit, 

Violet  ppt.  with 
acetic  acid. 

Red  powder; 
red  solution. 

No  change. 

Blue  ppt. 

Blue. 

Violet  ppt. 

Slightly  soluble 

in  alcohol. 
Obsolete. 

Red  powder; 
red  solution. 

Brown. 

Brown  ppt. 

Violet. 

Brown. 

Soluble  in  alco- 
hol. 

Red  crystals; 
red  solution. 

No  change. 

Brown. 

Violet. 

Brown. 

Soluble  in  alco- 
hol. 

Acid  dye  for  wool. 
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DYES  AND  COLORING  MATTERS. 


Commercial 
Name. 

Formula. 

Remarks. 

Alkali  Yellow 

r> 

XV. 

C,H,-N=N-CeH3{g;g^Na 

1  (-(2)S03Na 

C,H,-N=N-NH(4).CeH3|(i)c^Na)|c^H3(4)CH3. 

From  salicylic 
acid. 

CeH^-N^N- 
CeH^-N^N- 

-CeHajj^jg^^jj 

-(4)C-H3{gjgg 

From  salicylic 
acid. 

Benzo  Orange 
R. 

C6H4-N=N-C6H3{jj 
C6H4-N=N-(2)CioH 

L)OH 
>)C02Na 

f(l)NH, 
'\(4)S03Na 

From  salicylic 
acid. 

G. 

CaH.-N=N-CeH3{[l)g?^H 
C«H,-N=N-(l)C,oH6  { [^jgg 

From  salicylic 
acid. 

Cloth  Brown 
R. 

C,H,-N=N-CeH3{j^)g?^Na 
CeH,-N=N-CioH5  { 1^3^^ 

From  salicylic 
acid. 

Brahma  Red 
B  and  B  B. ' 

C6H4-N=N-(4)C6H4(l)NH.C6H4.S03Na 
CeH,-N=N-(2)C,oH,{jl)fH^^ 

From  naphthionic 
acid. 

Brahma 
Orange. 

C6H4-N=N-(4)C6H4(l)NH.C6H4.S03Na 
CeH.-N=N-CeH3{gjgH^^ 

From  salicylic 
acid. 

Brahma  Red 
6B. 

C6H4-N=N-C6H4 

1 

C6H4-N=N-(2)Ci 

NH.CioH6.S03Na 
t  (4)S03Na 

From  naphthionic 
acid. 

Naphtho- 
eyanin. 

C6H4-N=N- 
i6H4-N=N- 

-C10H4 
-C10H4 

((DOH 

i  (5)  OH 
1  SOgNa 
f(l)OH 

]  (ri)OH 

From  dioxy-naph- 
thalene. 

Carbazol  Yel- 

CeH,— N=N- 
1  >NH 

CeH,-N=N- 

-CgHa  - 
-CeHg  - 

^(1)0H 
(2)C02Na 

(1)  0H 

(2)  C02Na 

FroiTi^  salicylic 

Congo  Brown 
R. 

CgH4-N=N— (4)C6H3^ 
C6H4-N=N-(4)C6hJ 

(1)  0H 

(2)  CajNa 

(3)  0H 

(2)N=N-(l)C,oHe(4)S03Na 

From  Cloth  Orange 
with  naphthionic 
acid. 

Congo  Brown 
G. 

CeH4-N=N-(4)C6B3^ 
C6ll4-N=N-(4)C6H2^ 

(DOH 

(2)  C0oNa 

(1)  OH 

(3)  OH 

(2)  N=N-(l)CeH4(4)S03Na 

From  Cloth  Orange 
with  sulphanilic 
acid. 
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Character  of 
Dyestuff. 

Reaction  or  Aqueous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  Acid. 

Other  Charac- 
teristics. 

With 
Caustic 
Soda. 

With  Hy- 
drochloric 
Acid. 

StTone    '  Dilution 
AcW.^      with  Water. 

Yellow  powder; 
yellow  solu- 
tion. 

Orange  ppt. 

Yellow  ppt. 

Red. 

Yellow  ppt. 

Brown  powder; 
brown  solu- 
tion. 

Red  ppt. 

Brown  ppt. 

Violet. 

Brown  ppt. 

Soluble  in  alco- 
hoi. 

Dyes  chromed 
wool. 

Red  crystals; 
orange  solu- 
tion. 

Violet. 

Violet. 

Violet  ppt. 

Brown  powder; 
brown  solu- 
tion. 

Brown- red . 

Brown  ppt. 

Violet. 

Brown  ppt. 

Soluble  in  alco- 
hol. 

Dyes  chromed 
wool. 

Red  powder; 
brown  solu- 
tion. 

Red  ppt. 

Brown  ppt. 

Violet. 

Brown  ppt. 

Dyes  chromed 
wool. 

Brown  powder; 
red  solution. 

Black  ppt. 

Blue. 

Violet  ppt. 

Soluble  in  alco- 
hol. 
Obsolete. 

Brown  powder; 
brown  solu- 
tion. 

Black  ppt. 

Red. 

Black  ppt. 

Obsolete. 

Brown  powder; 
red  solution. 

Brighter. 

Black  ppt. 

Blue. 

Black  ppt. 

Soluble  in  alco- 
hol. 
Obsolete. 

Brown  powder; 
red  solution. 

Brighter. 

Black  ppt. 

Blue. 

Black  ppt. 

Soluble  in  alco- 
hol. 
Obsolete. 

Yellow  powder; 
yellow  solu- 
tion. 

Orange. 

Brown  pi)t. 

Blue. 

Brown  ppt. 

Red  powder; 
red  solution. 

Red. 

Brown  ppt. 

Violet. 

Brown  ppt. 

Soluble  in  alco- 
hol. 

Brown  powder; 
red  solution. 

Red. 

Brown  ppt. 

Violet. 

Brown  ppt. 

Soluble  in  alco- 
hol. 
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DYES  AND  COLORING  MATTERS. 


Commercial 
Name. 

Formula. 

Remarks. 

Hessian 
Brown  B  B. 

C6H4-N=N-(2)CeHj 
lH4-N=N-(2)CeHj 

(1)0H 

(3)  0H 

(4)  N=N— (l)C6H4(4)S03Na 
'n)OH 

(3)0H 

{4)N=N— (l)C6H4(4)S03Na 

From  Resorcin 
yellow. 

Benzo  Gray. 

CeH.-N=^N-(2)CeH3{|l)gH^^ 
C,H,-N=N-(4)CioH6(l)-N=N-(2)C,oH,  { jJj^^^Na 

From  N  W  acid. 

Direct  Gray  R. 

C 

c 

6H4-N=N- 
^eH4-N=N- 

(OH), 
COjNa 
S03Na 
(OH), 
CO,Na 
SOgNa 

From  /5-oxynaph- 
thoic  acid. 

Diamine 
Black  R. 

c 
c 

6H4-N=N- 
6H4-N=N- 

(2)NH, 
(8)0H 
(6)S03Na 
2  NH, 
(8)0H 
(6)S03Na 

From  G  acid. 

Diamine  Fast 
Red. 

r(2)NH, 
CeH4-N=N-(l)CioH4^  (8)0H 
1                                ( (6)S03Na 

C,H,-N=N-C,H3{P25gg^Na 

From  G  acid. 

Diamine 
Brown  V. 

CeH^-N^N- 

1 

CeH^  -N=N- 

(4)CeH^ 

(2)NH, 

(8)0H 

(6)S03Na 

|(1)NH2 

1(3)NH, 

From  G  acid. 

Diamine 
Violet  N. 

C6H4-N=N-(l)CioH4 
CeH4-N=N— (l)CioH4 

f(2)NH, 
\  (8)  OH 
1  (6)S03Na 
f(2)NHa 
<  (8)0H 
i(6)S03Na 

From  G  acid. 

Diamine  Blue 
BB. 

C 

c 

gH4-N=N- 
6H4-N=N- 

C10H3  ] 
C10H3] 

(1)NH, 

(8)  OH 

(3)S03Na 

(6)S03Na 

(1)NH, 

(8)0H 

(3)S03Na 

(6)S03Na 

From  H  acid. 

Diamine 
Bronze  G. 

CeH4-N=N-CeH3  { 
ieH^-N^N-CjoIIa 

(DOH 
(2)C02Na 

r(i)OH 

(3)S0^Na 
L(8)N=N(4)Cen3{gNJJ.^ 

From  H  acid. 
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Character  of 
Dyestuff. 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  Acid. 

Other  Char- 
acteristics. 

With 
Caustic 
Soda. 

With  Hy; 
drochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilution 
with  Water. 

Brown  powder; 
broW'U  solu- 
tion. 

Red. 

Brown  ppt. 

Black. 

Brown  ppt. 

Soluble  ill  alco- 
hol. 

Gray  powder; 
brown  solu- 
tion. 

No  change. 

Black  ppt. 

Blue. 

Black  ppt. 

Gray  powder; 
violet  solu- 
tion. 

Violet  red. 

Gray  ppt. 

Blue. 

Gray  ppt. 

Black  powder; 
violet  solu- 
tion. 

No  change. 

Blue  ppt. 

Blue. 

Blue  ppt. 

Soluble  in  alco- 
hol. 

Red  powder; 
red  solution. 

No  change. 

Brown  ppt. 

Blue. 

Brown  ppt. 

Soluble  in  alco- 
hol. 

Black  powder; 
red  solution  in 
hot  water. 

Brown  ppt. 

Brown  ppt. 

Violet. 

Brown  ppt. 

Soluble  in  alco- 
hol. 

Brown  powder; 
violet  solu- 
tion. 

No  change. 

Black  ppt. 

Blue. 

Violet  ppt. 

Gray  powder; 
violet  solu- 
tion. 

No  change. 

No  change. 

Blue. 

Violet. 

Black  powder; 
brown  solu- 
tion in  hot 
water. 

Yellower. 

Purple  ppt. 

Violet. 

Black  ppt. 

204 

DYES  AND  COLORING  MATTERS. 

Commercial 
Name. 

Formula. 

Remarks. 

Diamine  Green 
B. 

CeH^— N=N— (4)C6H4(1)0H 
1  f(l)OH 
1                              1  (2)NH, 
CsH^— N=N-CioH2^  {3)S03Na 
1  (6)S03Na 

[n=N— (1)C6H4(4)N02 

Sulphone 
Azurin. 

p  „  fSOgNa 
/^6"2|N=N-{l)C,oH6(2)NHCeH5 
SO2 

\I  fN=N-(l)CioH6(2)NHC6H6 
^^"nSOaNa 

From  benzidine  sul- 
phone. 

Cotton 
Bordeaux. 

1  [2>C=N-0H 
CeH3{klN-(2)C.H.{(J)|H^., 

From  diamido-di- 
phenylene  -  ketox- 
ime  with  naph- 
thionic  acid. 

Diamine  Red 
N  0. 

CeH3{E^N^^^)C.Hj(gNH.^, 
Cell4-N=N-(l)C,oH,{g)S03Na 

From  ethoxybenzi- 
dine. 

Diamine  Blue  B. 

C  H  /(3)OC2H6  r(2)0H 
1  l(7)S03Na 
Ce  [I4-N=N-(2)C,  0H3  { iiloH  ^^""^ 

From  ethoxybenzi- 
dine. 

Diamine  Blue 
3  R. 

CsH3{^|l^Jfi.72^c   H  |(1)0H 
C,H,-N=N-(2)C,oH.{g|g^^;^^, 

From  ethoxybenzi- 
dine  and  N  W  acid. 

Diamine  Black 
B. 

r>  TT  f  (3)OC2H5  r(2)NH2 
^6tl3|N=N— (5)C,oH4^  (8)0H 

l(6)S0,Na 
1  ((2)NH2 
CeH^-N=N-(5)C,oH4^  (8)0H 

((6)S03Na 

From  ethoxybenzi- 
dine  and  G  acid. 

Diamine  Blue 
Black  E. 

n  w   f  (3)OC2Hs  r(2)0H 
^«"3|n=N-{1)CioH4^  (3)S03Na 
((7)S03Na 

-  CeH4-N=N-(5)CioH4-^  (8)OH 

i(6)S03Na 

From  ethoxybenzi- 
dine  and  G  acid. 

Benzo-Azurin  G. 

CeH3  {ET'f2)C,oH5|  SIJ?^^^, 
\       10    5  1^  (4)S03Na 

(  W_N-(2)OioH5  1  (4js03Na 

From  dianisidine 
and  N  W  acid. 

Azo-Violet. 

From  dianisidine 
and  N  acid. 
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Chakacter 

OF  DYESTUFF. 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  acid. 

Other  Charac- 
teristics. 

With 
Caustic 
Soda. 

With  Hy- 
drochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilution 
with  Water. 

Black  powder; 
green  solution. 

Yellower. 

Black  ppt. 

Violet. 

Black  ppt. 

Soluble  in  alco- 
hol. 

Dark  blue  pow- 
der; blue  solu- 
tion. 

Blue  ppt. 

Blue  ppt. 

Violet. 

Violet  ppt. 

Soluble  in  alco- 
hol. 

Brown  powder; 
violet  solu- 

Violet  ppt. 

Blue  ppt. 

Blue. 

Blue  ppt. 

Green  crystals; 
red  solution. 

No  change. 

Violet  ppt. 

Blue. 

Black  ppt. 

Soluble  in  alco- 
hol. 

Bronze  powder; 
blue  solutioa 

Violet. 

Blue  ppt. 

Blue. 

Blue  ppt. 

.  .  . 

Black  powder, 
violet  solu- 
tion. 

Redder. 

No  change. 

Blue. 

Violet  ppt. 

Soluble  in  alco- 
hol. 

Black  powder; 
blue  solution. 

No  change. 

Blue  ppt. 

Blue. 

Violet  ppt. 

Soluble  m  alco- 
hol. 

Yields  ingrain 
colors. 

Black  powder; 
blue  solution. 

No  change. 

Blue  ppt. 

Blue. 

Blue  ppt. 

Black  powder; 
violet  solu- 
tion. 

Red. 

Violet  ppt. 

Blue. 

Violet  ppt. 

Dyed  color  be- 
comes red  on 
heating  and 
blue  again  on 
cooling. 

Precipitated  by 
magenta. 

Blue  powder; 
violet  solu- 
tion. 

Red. 

Blue  ppt. 

Blue. 

Blue  ppt. 

Violet  color  with 

acetic  acid. 
Precipitated  by 

magenta. 
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DYES  AND  COLORING  MATTERS. 


Commercial 
Name. 

Formula. 

Remarks. 

Heliotrope. 

(.IN    IN  U;«^ioii5|(7)so3Na 

From  dianisidine 
and  d  acid. 

Benzo-azurin 
3G. 

1       '■^^-^  ^"^^'"i«-^n(5)S03Na 

From  dianisidine 
and  L  acid. 

Benzo-pur- 
purin  10  B. 

CeHajlJ^^^sp    TT  f(l)NH2 

6   3  |N=N-(2)C,oHs  1  \^\^Q^^^ 

From  dianisidine 
and  naphthionic 
acid. 

Brilliant 
Azurin  5  G. 

P  TT  r(3)0CH3  f(l)OH 
UH3|n=N-CioH4^  (8)0H 

( (4)S03Na 
.1  TT  f(3)OCH3  f(l)OH 

l(4)S03Na 

From  dianisidine. 

Diamine  Sky 
Blue. 

IJN    IS    Oioila^  (3)S03Na 
[(6)S03Na 
P  XT  (■(3)0C,H,       f  isJoS^ 

U6)S03Na 

From  dipheneti- 
dine  and  H  acid. 

Benzo  Black 
Blue  G. 

C6H3  {N%!L(4)C,oH6(l)N=N(2)C,oHa{2l§^Na 

From  N  W  acid. 

New  Red. 

CeH,-N=N-(2)C,oH,{{ljOH^^ 

From  nitrobenzi- 
dine. 

Direct  Blue  B. 

p  TT  f(3)OCH3  ((OH), 
CsHa  |n=N-CioH3^  SOgNa 
(CO^Na 

From  dianisidine. 

Benzo  Indigo 
Blue. 

<^'r.ll3jN=N-(4)CioH6(l)NH, 
1       f          TT            rein  atji 
^6113|n=N-(4)CioHJ  (1)0H 
i(8)0H 

From  ethoxyben- 
zidine. 

Glycin 
Corinth. 

C0H4— N=N— (l)C,oH6(4)NH.CIl2.C02Na 

1 

CcH^— N=N-(l)C,oH6(4)NH.CH2.C02Na 
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Character  of 
Dyestuff. 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  Acid. 

Other  Charac- 
teristics. 

With 
Caustic 
Soda. 

With  Hy- 
drochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilution 
with  Water. 

Brown  powder; 
red  solution. 

No  change. 

Violet  ppt. 

Blue. 

Violet  ppt. 

Violet  color  with 
acetic  acid. 

Black  powder; 
violet  solu- 
tion. 

Violet  red. 

Violet  ppt. 

Blue. 

Violet  ppt. 

Soluble  in  alco- 
hol. 

Red  powder; 
red  solution. 

Red  ppt. 

Blue  ppt. 

Blue. 

Blue  ppt. 

Soluble  in  alco- 
hol. 

Black  powder; 
violet  solu- 
tion. 

Red. 

Blue  ppt. 

Greenish- 
blue. 

Violet  ppt. 

Soluble  in  alco- 
hol. 

Gray  powder; 
blue  solution. 

Redder. 

No  change. 

Green. 

Blue. 

Black  powder; 
blue  black 
solution. 

Blue. 

Blue  ppt. 

Green. 

Blue  ppt. 

Red  powder; 
red  solution  in 
hot  water. 

No  change. 

Red  ppt. 

Red. 

Orange. 

Acid  or  chrome 
dye  for  wool. 

Black  powder; 
blue  solution. 

Violet. 

Black  ppt. 

Blue. 

Violet  ppt. 

Soluble  In  alco- 
hol. 

Gray  powder; 
blue  solution. 

Violet  ppt. 

Blue  ppt. 

Blue. 

Blue  ppt. 

Brown  poAvder; 
violet  solu- 
tion. 

Red  ppt. 

Violet  ppt. 

Blue. 

Violet  ppt. 

Soluble  in  alco- 
hol. 

Direct  dye  for  cot- 
ton. 
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DYES  AND  COLORING  MATTERS. 


Commercial  Name. 

Formula. 

Remarks. 

Glycin  Red. 

C 

1 

C 

sH4-N=N-(l)CioH6(4)NH.CH2.C02Na 
,H,-N=N-(2)C.oH3{gjfo% 

Glycin  Blue. 

c 

1 

c 

bH3-N=N— (l)CioH6(4)NH.CH2.C02Na 

)so, 

3H3-N=N-(l)CioH6(4)NH.CH2.C02Na 

Heliotrope  2  B. 

CeH,-N=N-(l)C.oH.{g)OH^^ 

1                                  ( (1)0H 
C6H4-N=N-(2)CioH  J  (4)S03Na 
USjSOsNa 

From  Sch.  acid. 

Rouge  M. 

CeH,-N=N-(l)CioHj|fjgg^ 
(^eH,-N^N-(2)C,oH3{;Jjg?^,^.^ 

Oxamine  Violet. 

( C1)0H 

CeH4-N-N-(2)CxoH44  (3)S03Na 
1  (1)0H 

C6H4-N-N-(2)CioHJ  (3)S03Na 

Anthracene  Red. 

CeH3{gS?l(i)CeH3{g)gO.Na 
CeH4-N^N-(2)C,oH,{(l)OH^,^ 

From  salicj'lic  and 
N  W  acids. 

Dianisidine  Blue. 

P  TT  f(3)O.CH3 
^6il3|N=N-(l)CioHe(2)OH 
P  TT  J  (3)O.CH3 
^«-^3|n=N-(1)C,oH6(2)OH 

Developed  on  the 
fibre. 

Diamine  Pure  Blue. 
Benzo  and  Congo 
Pure  Blues. 

C6H3{gl5N^.^.C   H  {(^IsoV 
l(8)NH2 

1  „  f(8)O.CH3            ff5!?o  Na 
^«^3|N^N-(2)C,oH3j  gjig^Na 
L(8)NH, 

From  H  acid. 

Toluylene  Brown  G. 

f(l)CH3 
N-(2)C6n2<^  (5)S03Na 
|.(4)N 

!  r(4)N 

N-(2)C6H  J  i5)NII, 
((DNH, 

Toluylene  Orange 
RR. 

r(2)N=N-(l)Cion6(2)NH2 
r  TT  J  (J^)S03Na 

i(6)N=N-(l)Cion6(2)NH2 
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Character  of 
OF  Dyestuff. 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  Acid. 

Other  Charac- 
teristics. 

With 
Caustic 
Soda. 

With  Hy- 
drochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilution 
with  Water. 

Brown  powder; 
orange  solu- 
tion. 

Orange 
ppt. 

Violet  ppt. 

Blue. 

Violet  ppt. 

Soluble  in  alco- 
hol. 

Direct    dye  for 
cotton. 

Dark  powder; 
red  solution. 

Red  ppt. 

Violet  ppt. 

Blue. 

Violet  ppt. 

Soluble  in  alco- 
hol. 

Direct    dye  for 
cotton. 

Gray  powder; 
violet  solu- 
tion. 

Redder. 

Violet  ppt. 

Blue. 

Violet. 

Soluble  in  alco- 
hol. 

Direct    dye  for 
cotton. 

Red  powder;  red 
solution. 

Orange. 

Brown  ppt. 

Blue. 

Colorless. 

Direct    dye  for 
cotton. 

Green  powder; 
violet  solu- 
tion. 

Violet  ppt. 

Violet  ppt. 

Blue. 

Violet  ppt. 

Soluble  in  alco- 
hol. 

Direct    dye  for 
cotton. 

Brown  powder; 
red  solution. 

No  change. 

Red  ppt. 

Red. 

Brown  ppt. 

Soluble  in  alco- 
hol. 

Acid  and  chrome 
dye  for  wool. 

Ingrain  color. 

Black  powder; 
blue  solution. 

Redder. 

No  change. 

Green. 

Blue. 

Direct    dye  for 
cotton. 

Brown  powder; 
brown  solu- 
tion. 

No  change. 

Brown  ppt. 

Red. 

Direct    dye  for 
cotton. 

Red  powder; 
orange  solu- 
tion. 

Orange 
ppt. 

Brown  ppt. 

Blue. 

Soluble  in  alco- 
hol. 

Direct    dye  for 
cotton. 
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DYES  AND  COLORING  MATTERS. 


Commercial 
Name. 

Formula. 

Remarks. 

Pyramine  Orange. 

^  jj  f(2)S03Na  f(2)NH, 
^6H3|N=N-(l)CeHJ  (4)NH2 
l(5)N0, 

A  TT  f  (2)S03Na  f(2)NHa 
l(5)N0a 

Diamin  Catechin. 

r(l)N=N-(l)CioH6(4)OH 
C   H  \  (3)S03H 
^ioJi4S  (7)S03H 

l.(5)N=N— (l)Ciotl6(4)OH 

From  diazotized 
naphth  y  1  e  n  e 
violet;  devel- 
oped on  the 
fibre. 

Naphthyl  Blue 
2B. 

p  TT   f(3)C02Na  ((DNH.CO.CeHg 
^6^3  |n_N-CioHJ  (8)0H 

({5)S03Na 
p  TT  f  (3)C02Na  ((IjNH.CO.CsHg 
^«^3|n=N-CioHJ(8)OH 

((5)S03Na 

From  ortho-dia- 
mido-diphenic 
acid. 

Benzo  Olive. 

CeH,-N=N-(l)CeH3  {  SlgH'^^ 
1                                                                       (  UH 

C6H4-N=N-(l)CioHe(4)N=N-CioH3^NH, 

((SOaNa)^ 

From  H  acid. 

Benzo  Black  Blue 
5G. 

CeH3{g)?g3Na  .(OH). 
1  '-^-^^i^^nSOaNa 

CeHa  {  n£n-CioH6(4)N=N-CioH4  1  L9P-k 

From  S  acid. 

Alizarin  Yellow 
FS. 

rN=N-CeH3{g§^I,^ 

From  magenta 
and  salicylic 
acid. 

M  N=N-CeH3{8HN^ 

lN=N-CeH3{gHNa 
(M  =  magenta  base.) 

Mekong  Yellow 
G. 

C.H,-N=N-CeH3{g^^N^ 

CeH^-N^N-CeHgOH)  pTT 
CsH^-N^N-CeHgOH; 

/i    T  r          XT       XT       /~X    TT      f  OtI 

CeH,-N=N-C6H3|(.Q^^,^ 

From  salicylic 
acid. 

From  Diamido- 

phenyl-tolyl. 
Direct  Yellow. 

1  ^N--^-<^«^^n(2)C02Na 
CeH,-N=N-CeH3{gjg«Na 

Frorn^  salicylic 

Direct  Red. 

CeH3  {  {?1-^N-(2)C,  oH«  1  ^VI^l, 
CeH,-N=N-(2)C,oH.{}JjNH|,^ 

From  naphthi- 
onic  acid. 

Diamine  Yellow 
W. 

CeH3{ES?-fC3H3{(,l)gHH 
C6H4-N=N-(4)CeH4(l)0C2H6 

From  salicylic 
acid. 

BENZIDINE-DYES. 
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Chaeactee 
OF  Dyestuff. 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  with 
SuLPHUEic  Acid. 

Othee  Chaeac- 
teeistics. 

With 
Caustic 
Soda. 

With  Hy- 
drochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilution 
with  Water. 

Red  powder; 
orange  solu- 
tion. 

Orange 
ppt. 

Orange  ppt. 

Yellow. 

Orange  ppt. 

Direct  dye  for  cot- 
ton. 

Ingrain  color. 

Blue  ix)wder; 
blue  solution. 

Violet. 

Violet  ppt. 

Blue. 

Violet  ppt. 

Soluble  in  alco- 
hol. 

Direct  dye  for  cot- 
ton. 

Black  powder; 
green  solu- 
tion. 

Brown. 

Green  ppt. 

Violet. 

Black  ppt. 

Direct  dye  for  cot- 
ton. 

Gray  powder; 
blue  solution. 

No  change. 

Green  ppt. 

Green. 

Green  ppt. 

Direct  dye  for  co^ 
ton. 

Brown  paste; 
insoluble  in 
water. 

Orange 
solution. 

Green. 

Slightly  soluble 

in  alcohol. 
Chrome  dye  for 

wool. 

Brown  powder; 
brown  solu- 
tion. 

Brown  ppt. 

Brown  ppt. 

Violet. 

Brown  ppt. 

Direct  dye  for  cot- 
ton. 

Brown  powder; 
tion. 

Brown. 

Brown  ppt. 

Red. 

Brown  ppt. 

Soluble  in  alco- 
hol. 

Red  powder; 
red  solution. 

Red  ppt. 

Blue  ppt. 

Blue. 

Blue  ppt. 

Soluble  in  alco- 
hol. 

yellow  powder; 
yellow  solu- 
tion. 

Orange 
ppt. 

Green  ppt. 

Violet. 

Brown  ppt. 

Soluble  in  alco- 
hol. 
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DYES  AND  COLORING  MATTERS. 


Commercial  Name. 


Chrysamine  R. 


Formula. 


Toluylene  Orange  G. 


CeH,{E'S'-ic.H,{g)OH^, 
C.H»{&C.H.{g)OH^, 


p  „  f(3)CH3  f(6)CH 
^eHa  |n=N-(4)C6H2-^  (1)0H 


(2)C02Na 


i„  /(3)CH3  fifi|03K 


n  (3)NH, 
1(6JCH, 


Remarks. 


From  salicylic  acid. 


From  cresotic  acid. 


Toluylene  Orange  R. 


(3)NH, 


(5)S03N£ 
H  f(3)CH3  \\f)mi 

(SjSOgNe 


Rosazurin  G. 


^H3{E^.?Al)C..H.{(?)NHCf. 
^H»{&l)C„H.{gJNHj,, 


From  S  acid. 


Rosazurin  B. 


e-3.ES?Al)C.oH.{[2)NHC,H3 


CeH 

I 


From  d  acid. 


C6H3{^^2gJ^i^vC   2  f(2)NHC,H, 


Diamine  Red  3  B. 
Deltapurpurin  7  B. 


CeHal^f^fg^,,.^  g  f(2)NH, 
I       ^'^"^  ^^^^^<>^»\(7)S03Na 
C6H3  {{flfg^^.p   „  f(2)NH, 


From  S  acid. 


Brilliant  Purpurin. 


/(3)CH 


((2)NH5 


MN=N-(1)CioHJ  (3)S03Na 


(6)S03Na 


Congo  Orange  R. 


C  H  /(3)CH3  r(2}NH2 
(  6)S03Na 

X  XX  f(3)CH3 

^6*l3jN=N-(l)CeH4(4)0C2H, 


From  naphthionic  and 
R  acids. 


From    R    acid  and 
phenol. 


Azo  Mauve. 


^8^3 1  N=N-CioH3^  OH 

i(S03Na)j, 

X  „  f(3)CH3 

Wila  I  N=N— CioHe.NHj 


BENZIDINE-DYES. 
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Character 
OF  Dyestuff. 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  Acid. 

Other  Charac- 
teristics. 

With 
Caustic 
Soda. 

With  Hy- 
drochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilution 
with  Water. 

Brown  powder; 
yellow  solu- 
tion. 

Brown. 

Brown  ppt. 

Violet. 

Brown  ppt. 

Brown  ppt.  with 
acetic  acid. 

Orange  powder; 
yellow  solu- 
tion. 

Redder. 

Brown  ppt. 

Red. 

Brown  ppt. 

Red  powder; 
orange  solu- 
tion. 

No  change. 

Violet  ppt. 

Brown. 

Red  ppt. 

Brown  powder; 
red  solution. 

No  change. 

Violet  ppt. 

Blue. 

Violet  ppt. 

Brown  powder; 
red  solution. 

No  change. 

Violet  ppt. 

Blue. 

Violet  ppt. 

Brown  powder; 
red  solution 
in  hot  water. 

Red  ppt. 

Brown  ppt. 

Blue. 

Brown  ppt. 

Violet  ppt.  with 

acetic  acid. 
Precipitated  by 

magenta. 

Bed  powder; 
red  solution. 

Red  ppt. 

Black  ppt. 

Blue. 

Black  ppt. 

Soluble  in  alco- 
hol. 

Orange  powder; 
orange  solu- 
tion. 

No  change. 

Brown  ppt. 

Blue. 

Brown  ppt. 

Soluble  in  alco- 
hol. 

Black  powder; 
violet  solu- 
tion. 

No  change. 

Violet  ppt. 

Blue. 

Violet. 
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DYES  AND  COLORING  MATTERS. 


Commercial  Name. 

Formula. 

Remarks. 

Direct  Red. 

f(2)CH, 
CeHJ  (5)0C,H 

(^^-JN— (2)Lio-tl8  1  (4)so^Na 

C.Hx— N=N— f2)C,„H=  \  i^^JfJFiT 
y^^xx^   x\    iM  '•'^''^i<'-^s-^{4)S03Na 

From  naph  t  h  i  o  n  i  c 
acid. 

Prom  Tolidine. 
Cotton  Red. 

From  naphthionlc 
acid. 

Azo  Blue. 

C.H.{l.^IS?-^(„C..H.{;i)OH,., 

From  N  W  acid. 

Congo  Corinth  B. 

C.H,{Ef-l(2,C..H.{W0H,., 

From  N  W  acid. 

Benzopurpurin  4  B. 
Eclipse  Red. 
Imperial  Red. 
Victoria  Red. 

<^.H.{r#A2)C„H.{}jP;^, 

From  naph  t  h  1  o  n  i  C 
acid. 

Benzopurpurin  6  B. 

^.H.{&(2)C„H.{(>)NH^, 

From  L  acid. 

Benzopurpurin  B. 

1       '    ^  '''"^'•"•t(6)S0,Na 

t-'.H.{E'S^(l)C„Hje!NH?, 
«.           ^  -"^lo  6\(6)S03Na 

From  Br  acid. 

Deltapurpurin  5  B. 

^.H.{rN«la)C..H.{g)NH5,, 

From  d  and  Br  acids. 

Brilliant  Congo  R. 

C.H.{S''-l,l)C..H.{|^!NHj^, 

'  „   f(3)CH3  f(2)NH, 
0   3  (N=N— (l)CioH.iK  (3)S()iNa 
((6)S03Na 

From  Br  and  R  acids. 

Congo  Red  4  R. 

From  naph  t  h  i  o  n  i  c 
acid  and  resorcinol. 

TOLIDINE-DYES. 
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Character  of 
Dyestuff. 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  Acid. 

Other  Charac- 
teristics. 

With 
Caustic 
Soda. 

With  Hy- 
drochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilution 
with  Water. 

Red  powder; 
red  solution. 

No  change. 

Red  ppt. 

Violet. 

Violet  ppt. 

Soluble  in  alco- 
hol. 
Obsolete. 

Red  powder; 
red  solution. 

No  change. 

Blue  ppt. 

Blue. 

Blue  ppt. 

Black  powder; 
violet  solu- 
tion. 

Red. 

Violet  ppt. 

Blue. 

Violet  ppt. 

Black  powder; 
red  solution. 

Cherry-red. 

Violet  ppt. 

Blue. 

Violet  ppt. 

Bluer  solution 
with  acetic  acid. 

Precipitated  by 
magenta. 

Brown  powder; 
red  solution. 

No  change. 

Blue  ppt. 

Blue. 

Blue  ppt. 

Brown  ppt.  with 
acetic  acid. 

Red  powder; 
orange  solu- 
tion. 

Red. 

Blue  ppt. 

Blue. 

Blue  ppt. 

Blue    ppt.  with 
acetic  acid. 

Brown  powder; 
brown  solu- 
tion. 

No  change. 

Brown  ppt. 

Blue. 

Brown  ppt. 

Brown  solution 
with  acetic  acid. 

Brown  powder; 
orange  solu- 
tion. 

Red  ppt. 

Brown  ppt. 

Blue. 

Brown  ppt. 

Precipitated  by 

magenta. 
Brown  solution 

with  acetic  acid. 
MgS04  ppts.  the 

diamine  red 

present. 



Brown  powder; 
red  solution. 

Orange 
ppt. 

Brown  ppt. 

Blue. 

Black  ppt. 

Bluer  solution 
with  acetic  acid. 

Precipitated  by 
magenta. 

Brown  powder; 
red  solution. 

No  change. 

Violet  ppt. 

Blue. 

Violet  ppt. 

BroAvn  ppt.  with 
acetic  acid. 
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Commercial 
Name. 

Formula, 

Remarks. 

Diamine  Blue 
3B. 

C 
C 

lN-N-Lioi±z\  3  SOgNa 
l(6)S03Na 

'«H3{i?lS?V   H  1(8  oh' 
IJN-TM-CioHa"^  (3)S03Na 

L(6)S03Na 

From  H  acid. 

Diamine  Blue 
BX. 

C.H.{rN%)C..H4a)|H,,, 

ceH,{rN%)c.,Hjji|;, 

UejSOaNa 

From  N  W  and  H 
acids. 

Hessian 
Brown  M  M. 

P  jj  f(3)CH3  ((1)0H 
^6il3|N=N-(2)C6H2^  (3)0H 

i(4)N=N-(l)C6H4(4)S03Na 
A  ^  |(3)CH3  f(l)OH 
<-6ii3-[N=N-(2)C6H2^  (3)0H 

t(4)N=N-(l)C6H4(4)S03Na 

From  Resorcin 
yellow. 

Benzo  Black 
Blue  R. 

t^'  if|f-('^^-^«('^^=''-^'^^-^^  { (4)S(?3Na 
Cells  |g^_P^^2)C   H  |(1)0H 

From  N  W  acid. 

Direct  Gray  B. 

C  „  f(3)CH3  ((OH)^ 
^6^3|n-N-CioH3S  CO^Na 
ISOgNa 

J.xT-r(3)CH3          ((OH)  2 
^e-Ug  jN=N-CioH3^  CO^Na 
(SOgNa 

Direct  Blue  R. 

C 

< 

,  jr     f(3)CH3  ((0H)3 

'6^3  |n_N-CioH3^  CO^Na 
(SOgNa 

Azo  Black 
Blue. 

';.«.|s!.'iS;,»o....(i!i':s: 

1  l(8)NH2 
CeH3{ES?-i(l)CeH3{j2jNH.CeH3 

Oxamine  Blue 
3  R. 

p  TT  f(3)CH3  r(i)OH 
^6ii3|N=N— (2)CioH4^  (3)gO^Na 
i(6)NH, 

C^eH3{S%)c.H.{Sl|0H^, 

From  N  W  acid. 

Azo  Corinth. 

(3)CH3  (N=N-CioH6.S03Na 
N=N-C6H3^  OH 
lOH 

(3)CH3  (OH 
N^N-CflHa^  NH- 
(SOgNa 

From  naphthionic 
acid. 

TOLIDINE-DYES. 
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Character  of 
Dyestuff, 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  Acid. 

Other  Char- 
acteristics. 

With 

Caustic 
Soda. 

With  Hy. 
drochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilution 
with  Water. 

Gray  powder; 
violet  solu- 
tion. 

No  change. 

Violet  ppt. 

Blue. 

Violet  ppt. 

Blue  powder, 
violet  solu- 
tion. 

Redder. 

Violet  ppt. 

Blue. 

Violet  ppt. 

Soluble  in  alco- 
hol. 

Brown  powder; 
brown  solu- 
tion. 

Redder. 

Brown  ppt. 

Black. 

Brown  ppt. 

Soluble  in  alco- 
hol. 

Black  powder; 
violet  solu- 
tion. 

Blue  ppt. 

Violet  ppt. 

Blue. 

Violet  ppt. 

Soluble  in  alco- 
hol. 

Black  powder; 
violet  solu- 
tion in  hot 
water. 

Redder. 

Gray  ppt. 

Blue. 

Gray  ppt. 

Shades  are  fast  to 
light. 

Black  powder; 
violet  solu- 
tion. 

Redder. 

Violet  ppt. 

Blue. 

Brown  powder; 
violet  solu- 
tion. 

Violet  ppt. 

Blue. 

Violet  ppt. 

Direct  dye  for  cot- 
ton. 

Violet  powder, 
violet  solu- 
tion. 

Violet  ppt. 

Violet  ppt. 

Blue. 

Violet  ppt. 

Soluble  in  alco- 
hol. 

Direct  dye  for  cot 
ton. 

Brown  powder; 
brown  solu- 
tion. 

Violet. 

Brown  ppt. 

Violet. 

Brown  ppt. 

Direct  dye  for  cot- 
ton. 
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DYES  AND  COLORING  MATTERS. 


CoMMERCiAj.  Name. 

Formula. 

Remarks. 

Azo  Orange  R. 

CsHa- 
CeHa 

CsHg 

f(3)CH3  f^TT 
f(3)CH3 

1  N=N— CeH30H) 

fN=N— CeHaOH/'"^^ 

,(3)CH3 

(3)CH3  fNH 
lN=N-C,oH,{g(f;Na 

From  naptithionic 
acid. 

Mekong  Yellow  R. 

CeH3 
1 

CeHa 
C6H3 

r(3)CHa  .OH 
lN=N-CeHa{gH 

f(3)CH3 

N=N-C6H30H\ 
fN=N— C6H3OH; 
.(3)CH3 

(3)CH3  /^oTT 
iN=N-CeH3{gH^^ 

From  salicylic  acid. 

From  Diamido-stilhene. 
Stilbene  Red. 

CH.CeH4- 
CH.CgH^ — 

-N 
-N 

=N-(l)C,oH4- 
=N-(2)C,oH5  - 

r(2)NH2 
.(SOaNa), 
f(l)NH, 
t(4)S03Na 

From  naphthionic 
acid. 

Brilliant  Yellow. 

cn.CeH 

CH.CeH 

3 " 
3  ■ 

'  (2)S03Na 

N=N— (l)C6HJ4)OH 
'  (2)803Na 

.N=N— (1)C6H4(4)0H 

From  phenol. 

Polychromine  B. 

CH.CeH 
CH.CeH 

r(2)S03Na 

N=N-(l)CeH4(4)NH2 
t(2)S03Na 

,N=N-(1)C6H4(4)NH2 

Chrysophenine. 

cn.C6H3  - 

CH.CeH3  - 

r  (2)S03Na 

iN=N-(4)CbH4(1)0C2H5 
[  (2)S03Na 

N=N-(4)C6H4(1)0C,H5 

From   Brilliant  Yel- 
low. 

Hessian  Purple  N. 

CH.CfiH 

II 

CH.C«H 

3  ■ 

r(2)S03Na 

N=N-(l)CioH6(2)NH2 
r(2)S03Na 

[N=N-(l)CioHe(2)NH2 

Brilliant  Hessian 
Purple. 

CH.C6H3I 

CH.CeHg  j 

(2)S03Na 
N=N-(l)CioH5- 
(2)S03Na 
N-N-(l)CioH6- 

r(2)NH2 
(6)S03Na 

(2)NH, 
(6)S03Na 

.  .  . 

Hessian  Purple  B. 

CH.CeHa  \ 
CH.CeHa -j 

(2)S0^Na 
N=N-(1)C,„H,- 

(2)S03Na 
N=N-(l)CioH6- 

rf2)NH2 
SOaNa 

r  (2)NH2 
[SOaNa 

From  ^  acid. 

Hessian  Purple  D. 

CH.C0H3  j 

CH.CeHa  j 

(2)S03Na 
N=N-(l)Ci„H,^ 

(2)S03Na 
N=N-(l)C,on5- 

r(2)Nn2 

t  SOaNa 

r(2)NH2 
[  SOaNa 

From  y  acid. 

DIAMIDO-STILBENE-DYES. 
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Character  of 
Dyestuff. 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  avith 
Sulphuric  Acid. 

Other  Charac- 
teristics. 

With 
Caustic 
Soda. 

With  Hy- 
drochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilution 
with  Water. 

Red  powder; 
orange  solu- 
tion. 

Redder. 

Gray  ppt. 

Blue. 

Gray  ppt. 

Direct  dye  for  cot- 
ton. 

Brown  ixjwder; 
brown  solu- 
tion. 

Redder. 

Brown  ppt. 

Violet. 

Brown  ppt. 

Direct  dye  for  cot- 
ton. 

Brown  powder; 
red  solution. 

No  change. 

Black  ppt. 

Blue. 

Til  apt  TiTif 

Soluble  in  alco- 
hol. 

Brown  powder; 
orange  solu- 
tion. 

Redder. 

Violet  ppt. 

Violet. 

Violet  ppt. 

Precipitated  by 
magenta. 

Brown  powder; 
orange  solu- 
tion. 

No  change. 

Black  ppt. 

Violet. 

Til  a  p  It  TiT^f 

Yields  ingrain 
colors. 

Orange  powder; 
orange  solu- 
tion. 

Yellow. 

Brown  ppt. 

Violet. 

Blue  ppt. 

Red  powder; 
red  solution. 

Red  ppt. 

Black  ppt. 

Blue. 

Black  ppt. 

Violet  ppt.  with 

acetic  acid. 
Precipitated  by 

magenta. 

Red  powder; 
red  solution. 

Red  ppt. 

Black  ppt. 

Blue. 

Black  ppt. 

Soluble  in  alco- 
hol. 

Brown  powder; 
red  solution. 

Violet  ppt. 

Black  ppt. 

Violet. 

Brown  ppt. 

Black  powder; 
orange  solu- 
tion. 

Bluer. 

Brown  ppt. 

Violet. 

Brown. 
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DYES  AND  COLORING  MATTERS. 


Commercial 
Name. 

Formula. 

Remarks. 

Hessian  Yellow. 

1)  0H 

2)  C02H 

1)  0H 

2)  C02H 

From  salicylic  acid. 

Hessian  Violet. 

TH  P  TT  /  (2)S03Na 

CM.C6il3 1  N=N-(l)CioH6(2)OH 

Diamido-azoxy 
derivatives. 

St.  Denis  Red. 

q/^~^«^='{n=N-C,oH5 

{n  =  N-CioH5 

fOH 

1  S03Na 

fOH 

tS03Na 

From  N  W  acid. 

Acid  Milling  Scar- 
let. 

^Jr-C  H  /^^3  f(2)0H 
^   ^6-ii3|N-N-(l)CioH4^  (3)S03Na 
UejSOaNa 

From  R  acid. 

Rock  Scarlet  Y  S. 

N-CeH3|g^3                  jr  f(l)OH 

q/             ^^-^^  ^^^'"i«^st(4)S03Na 
^""^«^4N=N-(l)CioHe(2)OH 

From  N  W  acid. 

From,  amido- 
acetanilide. 

Salmon  Red. 

.NH.CeH^-N^N-C,  oHs 

OC 

^NH.C6H4-N=N-CioH5 

f(l)NH2 

X  (4)S03Na 

r(i)NH, 

t(4)S03Na 

From  naphthionic 
acid. 

Cotton  Yellow  G. 

,NH.C6H4-N=N-C6H3  - 
0C( 

^Nn.C6H4-N=N-CeH3 

r(i)OH 

|.(2)C02Na 
(1)0H 
.(2)C02Na 

From  salicylic  acid. 

Cotton  Scarlet. 

('CeH2(CH3)2-N=N-CioH 
CH^CeH^ 

(C6H2(CH3)2-N=N-C,oH 

fOH 
nCSOaNa)^ 

fOH 
nCSOaNa), 

From  R  acid. 
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Character  of 
Dyestuff. 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  Acid. 

Other  Charac- 
teristics. 

With 
Caustic 
Soda. 

With  Hy- 
drochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilution 
with  Water. 

Yellow  powder; 
yellow  solu- 
tion. 

Red. 

Black  ppt. 

Violet. 

Black  ppt. 

Black  powder; 
violet  solu- 
tion. 

Bluer. 

Blue  ppt. 

Blue. 

Violet  ppt. 

Red  powder; 
red  solution. 

Red  ppt. 

Red  ppt. 

Red. 

Red  ppt. 

Soluble  in  alco- 
hol. 

Red  powder; 
red  solution. 

Orange  ppt. 

No  change. 

Red. 

Scarlet. 

Shades  are  fast  to 
milling. 

Red  powder; 
red  solution. 

Orange  ppt. 

Scarlet  ppt. 

Violet. 

Scarlet  ppt. 

Shades  are  fast  to 
milling. 

Brown  powder; 
orange  solu- 
tion. 

No  change. 

Violet  ppt. 

Red. 

Violet  ppt. 

Yellow  powder; 
yellow  solu- 
tion. 

Orange. 

Brown  ppt. 

Orange. 

Violet  ppt. 

Brown  powder; 
red  solution. 

Redder. 

No  change. 

Red. 

Orange. 

222 


DYES  AND  COLORING  MATTERS. 


The  preceding  tables  show  the  constitution  and  reactions  of  the 
more  important  dyes  from  benzidine  and  its  analogues. 

The  coloring  matters  named  in  the  foregoing  tables  may  be  dis- 
tinguished from  all  other  azo-dyes  by  heating  a  piece  of  unmor- 
danted  cotton  in  the  aqueous  solution.  The  cotton  is  then  re- 
moved to  a  warm  solution  of  soap,  which  will  strip  the  dye  from 
the  fibre  unless  the  color  be  derived  from  benzidine  or  an  analo- 
gous diamine. 

The  dyes  from  benzidine,  etc. ,  can  be  fixed  on  silk  from  a  bath 
containing  soap  and  phosphate  of  sodium;  and  mixed  silk  and 
cotton  goods  take  the  color  well  and  evenly. 

The  benzidine  dyes  act  as  mordants  to  the  basic  aniline  dyes,  a 
fact  of  which  the  practical  application  is  evident.  In  general,  the 
benzidine  dyes  are  not  fast  to  light,  and  have  the  objectionable 
property  of  "bleeding."  Most  of  them  are  also  sensitive  to  the 
action  of  acids. 

The  following  is  a  detailed  description  of  the  more  important  of 
the  dyes  from  benzidine  and  its  analogues: — 

Chrysamine  G,  or  Flavophenine,  is  produced  by  the  action  of 
tetrazo-diphenyl  chloride  on  sodium  salicylate.  It  is  sparingly 
soluble  in  cold  but  readily  in  boiling  water.  The  solution  has  an 
orange  color,  changed  by  caustic  soda  to  an  orange-red,  from  which 
acids  precipitate  tetrazodiphenyl-disalicylic  acid  in 
orange  flakes  soluble  in  ether. ^  Chrysamine  is  very  sensitive  to 
the  action  of  copper  compounds,  its  color  being  darkened  to  a 
brown.  For  this  reason  it  should  not  be  brought  in  contact  with 
copper  vessels  while  dyeing.  Chrysamine  differs  from  most  of 
the  other  benzidine  dyes  in  that  its  shades  are  very  fast  to  light 
and  soap. 

Congo- Red  forms  a  brownish-red  powder,  readily  soluble  in 
water  to  produce  a  blood-red  solution.  Very  small  quantities  of 
dilute  acids  turn  the  liquid  to  a  beautiful  blue,  a  precipitate  of 
the  free  sulphonic  acid  being  formed  in  strong  solutions. 
Alkalies  restore  the  red  color,  and  salts  of  neutral  constitution, 
such  as  alum,Merrous  sulphate,  cupric  sulphate,  etc.,  do  not  act 

*  Chrysamine  is  probably  the  only  commercial  azo-dye  which  is  extracted  by 
agitating  its  acidulated  aqueous  solution  with  ether. 

2  The  naphthol-azo  colors  have  been  employed  in  the  coloration  of  sand  for  ex- 
perimental purposes  in  hydraulic  engineering,  where  it  is  desirable  to  use  sand  of 
different  colors,  which  colors  must  resist  the  action  of  water  and  friction  fairly 
well.  The  dyes  are  dissolved  in  caustic  soda,  and  the  sand  is  treated  with  the 
diluted  solution. 
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as  acids.  Hence  it  has  been  proposed  to  employ  congo-red  as  an 
indicator  of  neutrality,  but  it  has  been  shown  by  R.  T.  Thomp- 
son {Jour.  Soc.  Chem.  Ind.,  vi.  195)  that  its  delicacy  has  been 
overrated.'  While  not  wholly  unaffected  by  weak  acids,  such  as 
carbonic  and  sulphydric,  it  fails  to  indicate  the  presence  of  acetic 
acid  in  presence  of  twelve  times  the  quantity  of  sodium  acetate.' 
Congo-red  dissolves  in  strong  sulphuric  acid  with  slate-blue  color, 
which  is  not  changed  by  dilution,  Congo-red  dyes  cotton  a  bright 
crimson-red,  but  the  color  is  far  from  permanent.  Exposure  to 
light  and  air  for  a  short  period  dulls  the  color,  which  is  restored  to 
its  original  brightness  on  soaping.  After  longer  exposure  to  light, 
the  color  cannot  thus  be  restored.  On  wool  the  color  is  rather 
more  scarlet,  brighter,  and  more  stable  than  on  cotton. 

Benzopurpurin  4  B  is  the  next  higher  homologue  of  congo-red. 
It  forms  a  dark  brownish-red  powder,  soluble  in  w^ater  with  orange- 
red  color,  which  is  unchanged  by  alkalies.  From  strong  solu- 
tions, dilute  acids  throw  down  the  free  sulphonic  acid  as  a 
reddish-brown  precipitate  resembling  ferric  hydroxide.  In  a  hot 
bath  containing  soap  or  alkaline  carbonate,  benzopurpurin  dyes 
cotton  a  fine  scarlet.  The  color  is  almost  unaffected  by  dilute 
acids,  and  is  much  faster  to  light  than  congo-red. 

Benzopurpurin  B  is  isomeric  with  the  last  named  dye,  and  is 
prepared  by  the  reaction  of  diazotized  tolidine  on  /3-naphthyl- 
amine-sulphonic  acid^  in  presence  of  alkali.  It  dyes  cotton  a 
color  approaching  a  turkey-red  in  tint  of  brilliancy.  Acids  turn  the 
dyed  fibre  blue,  the  color  being  restored  by  alkalies  or  washing.* 

^  R.  T.  Thompson  finds  that  congo-red  is  incapable  of  indicating  with  certainty 
the  presence  of  0. 2  per  cent,  of  sulphuric  acid  in  alum,  or  even  of  giving  a  trust- 
worthy reaction  with  0.5  per  cent. 

'Congo-red  is  useful  for  titrating  aniline  and  toluidine  in  the  residual  liquors 
from  aniline  works.  Congo-red  paper,  blued  by  acid,  is  reddened  by  aniline  and 
alkaloids  in  general. 

The  sulphonic  acid  is  the  so  called  p-m  odification,  obtained  (mixed  with 
the  a-  and  y-isomerides)  by  heating  /3-naphthylamine  with  8  parts  of  sulphuric 
acid  (96-97  per  cent,  of  H2SO4)  to  100°-105°  C.  for  six  hours,  or  by  heating 
Schafier's  /3-naphthol -sulphonic  acid  with  ammonia. 

*  According  to  S  torch  benzopurpurin  B  is  a  superior  indicator  to  congo-red, 
it  being  the  most  sensitive  indicator  for  alkalies  known.  The  slight  trace  of 
ammonia  in  the  atmosphere  is  sufficient  to  change  the  color  of  paper  impregnated 
with  a  solution  of  benzopurpurin  B  from  bluish-violet  to  red.  It  may  be  used  for 
estimating  ammonia  in  the  presence  of  pyridine;  as  titration  with  hydrochloric 
acid  will  show  the  total  base,  and  a  second  titration  with  litmus,  on  which  pyri- 
dine has  no  effect,  will  show  the  ammonia  present. 
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Deltapurpurin  G  is  isomeric  with  congo-red,  and  like  its  homo- 
logue  Deltapurpurin  5  B  is  obtained  by  the  use  of  the  so-called 
^-modification  of  /5-naphthylamine-sulphonic  acid.^  The  delta- 
purpurins  dye  cotton  a  bright  scarlet.  Deltapurpurin  5  B  is  dis- 
tinguished from  its  isomer  diamine  red  S  and  from  delta-pur- 
purin  7  Bhy  not  being  precipitated  from  its  aqueous  solution  by 
acetic  acid,  and  by  forming  a  soluble  calcium  salt. 

Azo-Blue  is  closely  related  in  constitution  to  benzopurpurin,  the 
two  NHg  groups  of  the  latter  being  replaced  by  two  of  OH.  In 
the  concentrated  solution,  hydrochloric  acid  produces  a  violet-blue 
precipitate,  but  dilute  acetic  acid  occasions  no  change.  In  a  boil- 
ing hot  bath  containing  soap  and  sodium  phosphate,  azo-blue 
dyes  cotton  a  violet-blue  color,  fast  to  soap,  and  unaffected  by 
acids. 

Benzo-azurin  R  forms  a  dark  blue  (almost  black)  powder,  with 
a  slight  bronze  reflex.  Benzo-azurin  dyes  cotton  a  dark  shade  of 
blue.  The  color  is  remarkably  fast  to  light,  and  unaffected  by 
acids,  but  is  reddened  by  alkalies. 

Benzo-azurin  G  differs  from  the  last  named  dye  in  not  being 
precipitated  from  its  solution  by  dilute  acids,  the  color  being  sim- 
ply darkened.  On  cotton  it  dyes  a  brighter  color  than  the  last, 
and  on  wool  it  gives  a  pleasant  and  useful  shade  of  violet. 

Brilliant  Yellow  forms  a  readily  soluble  brown  powder.  The 
solution  is  orange,  changed  to  scarlet  by  alkalies,  and  gives  a  blue- 
black  precipitate  with  dilute  acids.  It  dyes  cotton^  and  wool  a 
very  bright  orange  shade  of  yellow,  quite  fast  to  light.  Acids 
change  the  color  of  the  fibre  to  blue,  and  alkalies  redden  it;  soap- 
ing turns  it  a  shade  redder,  but  there  is  no  bleeding. 

On  treating  briUiant  yellow  with  soda  it  forms  a  red  basic  salt, 
and  on  ethylating  this  body  it  is  converted  into 

Chrysophenine.    This  forms  a  light  orange  powder,  partially 

1  The  /^-n  a  p  h  t  h  y  1  a  m  i  n  e  -  (^-s  11 1  p  li  o  n  i  c  a  c  i  d,  used  for  the  production  of 
the  deltapurpurins,  is  prepared  by  heating  /?-naphthylamine  sulphate  with  5  or  6 
parts  of  strong  sulphuric  acid  (1.845  specific  gravity)  to  150°  C.  for  H  hour.  The 
a-  and  y-  sulphonic  acids  of  /^-naphthylamine  are  said  to  be  transformed  into  the 
/^-modification  by  this  treatment. 

2 Prepared  by  acting  on  diazotized  tolidine  in  alkaline  solution  with  /?-naph- 
t  h  y  1  a  m  i  n  e  -  F  -  s  u  1  p  h  o  n  i  c  a  c  i  d.  This  is  prepared  by  fusing  the  sodium 
salt  of  fi-naphthalene-disulphonic  acid  witji  four  times  its  weight  of  50  per  cent, 
caustic  soda  at  200°  C,  until  dioxynaphthalene  begins  to  be  formed,  /^-naphthol- 
F-sulphonic  acid  is  formed,  and  on  heating  this  with  ammonia  under  pressure  the 
corresponding  amido-acid  is  obtained. 
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soluble  in  water.  The  solution  is  unchanged  by  alkalies,  but  gives 
a  dark  brownish-red  precipitate  with  acids.  In  a  neutral  bath  it 
dyes  both  wool  and  cotton  a  bright  yellow,  unaffected  by  dilute 
acids,  alkalies,  or  soaps. 

Azarine  R  is  a  coloring  matter  of  peculiar  constitution,  being 
represented  by  the  following  formula: — 


It  is  produced  by  diazotizing  diamido-dihydroxybenzosulphone, 
S02(CgH3(OH).NH2)25  and  causing  the  product  to  react  with  beta- 
naphthol.  The  azo-compound  formed  is  then  treated  with  acid 
sulphite  of  ammonium  or  sodium,  which  forms  a  compound  of 
the  nature  shown  above.  The  employment  of  azarine  is  an  appli- 
cation of  the  fact  that  many  azo-com pounds  which  are  themselves 
insoluble  combine  with  the  acid  sulphites  of  the  alkali-metals  to 
form  compounds  which  are  soluble  in  water,  and  unaffected  by  di- 
lute acids,  but  wTiich  under  the  influence  of  heat  are  decomposed 
into  a  bisulphite  of  alkali-metal  and  an  insoluble  azo-dye.  The 
reaction  is  capable  of  being  used  in  calico-printing. 

Azarine  occurs  in  commerce  in  the  form  of  an  orange-yellow 
paste,  closely  resembling  alizarin  paste.  It  is  sparingly  soluble  in 
water,  but  dissolves  readily  in  alkalies  with  bluish-violet  color. 
The  aqueous  solution  is  yellow,  and  yields  an  orange-yellow  pre- 
cipitate with  hydrochloric  acid,  and  with  caustic  soda  a  violet  pre- 
cipitate, which  dissolves  to  a  red  solution  on  heating.  On  heating 
the  paste,  sulphur  dioxide  is  evolved,  and  the  color  changes  to 
scarlet.  Strong  sulphuric  acid  dissolves  azarine  paste  with  ma- 
genta-red color,  a  reddish-brown  precipitate  being  formed  on  dilu- 
tion. Azarine  forms  alumina-lakes  of  a  fine  red  color  with  a  shade 
of  violet.  It  is  very  fast  to  soap  and  chlorine,  but  is  affected  by 
light. 

General  Analytical  Reactions  of  Azo-Dyes. 

The  great  majority  of  the  azo-dyes  are  sulphonated,  and  more 
or  less  soluble  in  water.  In  no  case  is  a  sulphonated  dye  removed 
from  its  aqueous  solution  by  agitation  with  ether,  whether  the 
liquid  be  alkaline  or  acid.  There  are  a  limited  number  of  unsul- 
phonated  azo-dyes,  such  as  chrysdidine  and  bismarck  brown,  frorc 


+  2NH,HS0, 
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which  the  free  base  may  be  extracted  by  agitating  the  alkaline  so- 
lution with  ether.  Chrysamine,  on  the  other  hand,  is  an  unsul- 
phonated  azo-dye  of  acid  character,  and  is  removed  from  its  acid- 
ulated aqueous  solution  on  agitation  with  ether. 

The  azo-dyes  are  stated  to  be  non-poisonous.  Out  of  those 
which  have  been  examined,  only  two  have  proved  to  be  poisonous 
in  a  slight  degree,  namely:  metanil  yellow  and  orange  II.  On 
addition  of  hydrochloric  acid  to  the  concentrated  aqueous  solution 
of  a  ^ydroxyazo-dye,  a  precipitate  is  usually  produced  if  the  col- 
oring matter  contain  only  one  SO^H  group,  as  in  that  case  the  free 
sulphonic  acid  often  is  insoluble  or  sparingly  soluble  in  water. 
But  when  the  free  acid  contains  two  sulphonic  groups  it  is  soluble 
in  water,  and  hence  is  not  precipitated  when  the  solution  of  the 
dye  is  acidulated.  ^  Tropseolin  3  O  gives  a  purple  precipitate  solu- 
ble in  excess  of  hydrochloric  acid,  and  some  of  the  scarlets  behave 
similarly. 

The  caustic  alkalies  and  ammonia  do  not  usually  produce  a  pre- 
cipitate in  solutions  of  the  sulphonated  azo-dyes;  but  they  often 
change  the  color,  owing  to  the  replacement  of  the  hydrogen  of  the 
hydroxyl  groups.^ 

The  concentrated  solutions  of  many  of  the  azo-dyes  are  precipi- 
tated by  barium  and  calcium  chlorides,  and  in  some  cases  the  re- 
actions are  of  analytical  interest.  The  azo-dyes  as  a  class  are 
remarkable  for  the  striking  colorations  produced  when  the  solid 
substance  is  treated  with  concentrated  sulphuric  acid,  as  was  first 
pointed  out  by  J.  Spiller  (Chem.  News,  xlii.  191).  To  apply 
the  test  it  is  merely  necssary  to  heat  a  few  grains  of  the  solid  sub- 
stance in  a  test-tube  or  porcelain  crucible  with  strong,  sulphuric 
acid.  Very  frequently,  useful  information  can  be  gained  by  ob- 
serving the  spectrum  of  the  colored  liquid  obtained.  In  the  case 
of  the  tetrazo-dyes  the  color  of  the  solution  in  strong  sulphuric 
acid  is  an  important  indication  of  the  constitution  of  the  coloring 
matter  (see  page  180). 

Among  the  most  characteristic  reactions  of  the  azo-dyes  is  their 

*This  statement  does  not  apply  to  the  benzidine  dyes,  almost  all  of  which  are 
precipitated  by  dilute  acid. 

'^Thus  a  mere  trace  of  alkali  changes  the  dilute  solution  of  mandarin  from 
yellow  to  crimson  (exactly  the  opposite  being  true  of  methyl-orange).  Scarlets 
G  and  R  and  crocein  and  biebrich  scarlets  show  a  similar  reaction,  but  are  far  less 
sensative  than  mandarin.  Ammonia  is  almost  without  action  on  solutions  of 
scarlets  2  R  and  3  R. 
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behavior  with  reducing  agents,  the  most  generally  suitable  reagent 
for  the  purpose  being  hydrochloric  acid  and  zinc  or  solution  of 
stannous  chloride/  Thus  the  amido-azo-compounds  are  split  up 
into  a  primary  amine  and  para-diamine,  amido-azoben- 
zene  yielding  aniline  and  paraphenylene-diamine  (para-diamido- 
benzene) :— C,H,N:  N.C,H,.NH,  +  2H,  =  CeH,.NH,  +  C«H,(NHJ,. 

Similarly,  when  helianthin  is  reduced  it  yields  the  ammonium 
salt  of  sulphanilic  acid  (amidobenzene-sulphonic  acid)  and 
dimethyl-paradiamidobenzene : — 

C.H/SO3NHJ.N:  N.C,H,N.(CH3) 
=  C,H,(SO,NHJNH,  +  H,N.C,H,.N(CH,),. 

The  best  way  of  affecting  this  reduction  is  to  heat  the  helianthin 
on  the  water-bath  with  ammonium  sulphide  until  the  orange  color 
disappears.  The  ammoniacal  liquid  is  agitated  with  ether,  and 
the  ethereal  layer  separated  from  the  aqueous  liquid  containing 
ammonium  sulphanilate.  The  ethereal  solution  agitated  with 
moist  hydrated  oxide  of  lead  (to  get  rid  of  sulphide),  filtered, 
and  evaporated,  leaves  free  dimethyl-paradiamido-benzene.  This 
base  melts  at  41°  and  boils  at  257°.  It  forms  asbestos-like  needles, 
which  when  pure  are  unchanged  on  exposure  to  air,  but  otherwise 
turn  red  or  violet.  It  is  readily  soluble  in  water,  alcohol,  chloro- 
form, and  benzene,  but  less  so  in  ether  or  petroleum  ether.  It  may 
be  purified  by  conversion  into  the  sulphate  and  crystalHzing  the 
salt  from  absolute  alcohol.  On  treating  the  free  base  or  a  salt 
with  a  hydrochloric  acid  solution  of  sulphuretted  hydrogen,  and 
then  adding  ferric  chloride  till  the  odor  of  sulphuretted  hydrogen 
has  disappeared,  a  splendid  blue  coloration  is  produced,  methylene 
blue  being  formed. 

An  acid  solution  of  stannous  chloride  reduces  the  hydroxyazo- 
dyes  in  a  similar  manner,  the  products  being  a  primary  amine  and 
an  amidophenol.  Thus  oxyazobenzene  yields  aniline,  CgHgNHg, 
and  para-amidophenol,  CgH4(NH2)OH.  Mandarin  splits 
up  similarly  into  sulphanilic  acid,  CgH5(S03H)NH2,  and 

^O.  N.  Witt  {Ber  ,  1888,  p.  3468)  gives  the  following  method  of  carrying  out 
this  reduction  :  One  gram  of  dyestuff  is  dissolved  in  the  smallest  quantity  of 
boiling  water  (generally  10-20  parts),  the  little  flask  is  removed  from  the  flame 
and  6  c.c.  of  tin  solution  are  added,  prepared  by  dissolving  40  gms.  tin  in  100  c.c. 
of  pure  hydrochloric  acid  (sp.  gr.  1.19).  The  reduction  is  usually  accomplished 
in  a  few  minutes.  If  the  amido-naphthol  or  naphthylene-diamine  sulphonic  acid 
does  not  separate  out  on  cooling,  a  saturated  salt  solution,  or  other  precipitant, 
is  added. 
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amidobetanaphthol,  CioH5(NH2)OH.  When  the  naphthol 
group  is  sulphonated,  the  amidonaphthol-sulphonic  acid  decom- 
poses into  amido-naphthol  and  free  sulphuric  acid.  Thus 
xylidine-red  is  decomposed  as  follows: — CgH3(CH3)2N:N:CioH4. 
(S03Na2)OII  +  2H2O  =  CeH3(CH3)2NH2  +  C,oHg(NH2).OH  +  2Na- 
HSO4.  With  an  alkaline  reducing  agent,  such  as  ammonium  sul- 
phide or  zinc  and  ammonia,  the  amidonaphthol-disulphonic  acid 
does  not  undergo  decomposition. 

Secondary  azo-dyes  split  up  in  a  similar  manner  under  the 
action  of  reducing  agents.  Thus  with  metallic  tin  or  stannous 
chloride  and  hydrochloric  acid,  biebrich  scarlet  yields  sulphanilic 
acid,  paradiamido-benzene,  and  amidonaphthol.  With  an  alka- 
line reducing  agent,  such  as  zinc  and  ammonia,  biebrich  scarlet 
undergoes  a  modified  decomposition,  resulting  in  the  formation  of 
amidohydrazo-benzene  sulphonate  and  amido-naphthol,  thus: — 
Cen,(S03Na).N:N.C,H,.N:KCjoH,.OH  +  SH, 
=  CeH,(S03Na).NH:NH.CgH,.NH2+  C,oH6(NH2).OH. 

On  exposing  the  decolorized  liquid  to  the  air  it  rapidly  acquires 
a  yellow  color,  from  the  production  of  sodium  amido-azo- 
benzene-sulphonate  or  acid  yellow.  Other  tetrazo-dyes  behave 
similarly. 

Congo-red,  the  type  of  the  benzidine  dyes,  on  reduction  yields 
benzidine  and  a  diamidonaphthalene-sulphonic  acid,  CioH5(S03H)«! 
(NH,)a(NH,)/3. 

It  will  be  seen  that  the  investigation  of  the  behavior  of  the  azo- 
dyes  with  reducing  agents  affords  a  most  valuable  means  of  recog- 
nizing them  and  ascertaining  their  constitution.  The  bases  result- 
ing from  the  treatment  can  be  extracted  from  the  alkaline  liquid 
with  ether, ^  and  if  more  than  one  be  produced  they  can  be  separ- 
ated by  fractional  distillation  or  crystallization  of  their  salts.  The 
isolation  and  identification  of  the  amidophenols  is  very  difficult, 
especially  as  some  of  them  are  very  readily  affected  by  air.  Hence 
it  is  preferable,  when  it  is  desired  to  obtain  them  in  a  pure  state, 
to  evaporate  the  neutralized  solution  to  dryness,  and  heat  the 
residue  with  anhydrous  sodium  carbonate. 

The  following  table  gives  some  of  the  leading  characters  of  certain 
of  the  bases  produced  by  the  reduction  of  commercial  azo-dyes:— 

*  Whenever  an  amidonaphthol-sulphonic  acid  is  a  product  of  the  reduction,  it 
decomposes  into  an  amidonaphthol  and  free  sulphuric  acid,  if  an  acid  reducing 
agent  be  employed;  but  is  not  decomposed,  and  hence  does  not  pass  into  the 
ether,  when  ammonium  sulphide  is  used  as  the  reducing  agent 
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Name. 

Formula. 

Melting 
Point  ^C. 

Boiling 
Point  °C. 

Other  Characters. 

Aniline.  ") 
Amidobenzene.  > 
Phenylamine.  j 

CeH^.NHa 

-8 

183.7 

Sparingly  soluble.  Violet  color 
with  bleaching  solution. 

Orthotoluidine.  ~) 
Ortho-amido-  > 
toluene.  j 

C  TT  /vl)CH3 

Below-20 

198 

Brown  color  with  bleaching  solu- 
tion. Color  soluble  in  ether, 
and  changed  to  pink  by  dilute 
acetic  acid. 

Paratoluidlne.  1 
Paramidotolu-  > 
ene.  j 

P  jj  r(i)CH3 

45 

198 

White,  crystalline.  No  reaction 
with  bleaching  powder.  Dis- 
solved in  strong  B^SO^,  and 
nitric  acid  added,  gives  blue, 
changing  to  red. 

Alpha-naphthyl- 1 
amine.  ! 

Alpha-amido-  | 
naphthalene.  J 

C10H7.NH2 

50 

300 

Characteristic  and  presistent  odor. 
Turns  violet  on  exposure.  FeCla 
and  other  oxidizing  agents  give 
azure-blue  precipitate. 

Diphenylamine. 

54 

110 

Nearly  insoluble  plates.  Deep 
blue  color  on  adding  to  its  so- 
lution in  pure  sulphuric  acid  a 
trace  of  nitrous  sulphuric  acid. 

Para-amido-di-  \ 
phenylamine.  J 

NHj.CeH^.NH.CsHs 

61 

Small  lustrous  plates,  becoming 
green  in  the  air.  FeCla  gives  a 
red  color,  changing  to  green, 
and  on  concentration  a  green 
precipitate,  soluble  in  H2SO4 
with  a  carmine-red  color. 

Paraphenyjene-  "| 
diamine.  ( 

Paradiamido-  C 
benzene.  J 

CeH^tCNH^), 

140 

267 

Sparingly  soluble  tablets.  Oxi- 
dized to  quinone  by  MnOo  and 
dilute  H2SO4. 

Dimethyl-para-  ) 
diamido-ben-  V 
zene.  J 

CeH.:{gfc^H3)3 

41 

257 

Easily  soluble.  Gives  methylene 
blue  with  a  solution  of  H„S  in 
hydrochloric  acid. 

Para-amidophenol 

p  „  r(i)OH 

184 
decom- 
posing. 

Colorless  plates,  rapidly  turning 
brown.  Alkaline  solution  be- 
comes violet  on  exposure,  and 
yields  quinone  with  oxidizing 
agents.  With  bleaching  solu- 
tion, a  violet-color,  changing 
to  green. 

a-Amido-alpha-  \ 
naphthol.  J 

p   jj  r(l)OH 

On  agitating  the  alkaline  solu- 
tion with  air,  a  dirty  green 
color  is  produced,  changing  to 
yellow.  With  bromine  water, 
yellow-white  crystalline  preci- 
pitate. With  oxidizing  agents 
yields  the  theoretical  amount 
of  a-naphtha-quinone. 

/5-Amido-alpha-  "1 
naphthol.  J 

p     rj  f(l)OH 

On  agitating  the  alkaline  solu- 
tion with  air,  permanent  grass- 
green  color,  and  green  scum 
soluble  in  alcohol  to  pure  green 
solution.  Br  and  FeCl3  give 
yellowish  or  green  precipitate, 
and  no  naphtha-quinone  is 
formed  on  heating. 

Amido-resorcinol. 

C6H3(0H)2.NH2 

Flat  plates  turning  green  in  the 
air.  NaHO  gives  deep  blue 
color,  changing  to  green  and 
brown.  FeClg  gives  deep  brown 
color,  and  then  nearly  black 
precipitate. 
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5.  Oxyketones. 

The  oxyketone  colors  are  chiefly  derivatives  of  anthracene. 
They  are  hmited  in  number,  and  even  of  these  few  have  any 
practical  value  as  dyes.  They  differ  materially  from  the  coal-tar 
dyes  hitherto  considered,  though  presenting  considerable  resem- 
blance among  themselves,  and  several  members  of  the  group  are 
coloring  matters  of  the  first  importance.' 

The  starting  point  in  the  production  of  alizarin  and  allied 
coloring  matters  is  commercial  anthracene,  containing  from  50 
to  55  per  cent,  of  the  pure  hydrocarbon,  C^Ji^^,  or  sometimes  a 
purer  product,  obtained  by  sublimation,  is  employed/ 

This  is  suspended  in  water  and  treated  with  1 J  times  its  weight 
of  potassium  bichromate  and  an  equivalent  quantity  of  sulphuric 
acid,  when  the  anthracene  is  converted  into  ant hraqui none, 
Ci.HgO^.  The  product  is  separated  by  filtration,  dried,  treated 
with  strong  sulphuric  acid  (sp.  gr.  1.84),  and  the  mixture  heated 
to  105°-110°  C.  The  black  product  is  treated  with  steam,  which 
is  absorbed  by  the  sulphuric  acid,  and  as  the  dilution  proceeds  the 
anthraquinone  crystallizes  out.  Boiling  water  is  then  added,  and 
the  product  well  washed  with  hot  water  and  solution  of  soda  to 
remove  associated  organic  acids,  after  which  it  is  further  purified 
by  sublimation  or  distillation  in  a  current  of  superheated  steam. 
The  product  contains  from  96  to  98  per  cent,  of  real  anthra- 
quinone, and  forms  golden-yellow  prismatic  needles,  melting  at 

^  The  money  value  of  artificial  alizarin  and  the  allied  colors  is  more  than  one- 
third  of  that  of  the  total  coal-tar  dyes,  and  the  price  of  alizarin,  compared  tinc- 
torially,  is  not  more  than  one-fourth  of  what  it  was  in  the  form  of  madder  and 
garancine. 

*  Commercial  anthracenes  are  divided  into  two  classes,  known  as  A  and  B 
quality.  The  nature  of  the  impurities  present  in  the  latter  is  not  thoroughly 
understood,  though  of  these  /?-methylanthracene  is  frequently  one.  In  the  usual 
process  this  yields  first  its  quinone  and  finally  methyl  alizarine,  which  dye  shades 
of  a  duller  character  and  less  fast  than  the  true  alizarins. 

Paraffin,  if  present  in  anthracene,  may  be  detected  by  heating  the  sample  with 
sulphuric  acid  at  100°.  A  method  for  determining  the  amount  of  paraffin  is 
based  on  the  fact  that  all  of  the  constituents  of  crude  anthracene  with  the  excep- 
tion of  paraffin  are  soluble  in  fuming  nitric  acid.  About  2  gms.  of  crude  anthra- 
cene is  placed  in  a  flask  with  25  c.c.  of  fuming  nitric  acid;  the  acid  being  added 
gradually  while  the  flask  is  kept  in  ice-water.  After  all  the  anthracene  has  dis- 
solved, the  flask  is  heated  on  a  water  bath  until  the  paraffin  is  melted.  The  solu- 
tion is  then  filtered  through  an  asbestos  filter,  the  paraflSn  is  washed  with  fuming 
nitric  acid,  and  finally  dissolved  in  warm  ether,  dried,  and  weighed. 
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273°  C,  insoluble  in  water,  highly  stable  and  indifferent,  and 
Unacted  on  by  bases  or  dilute  acids.  ^ 

^  For  the  analysis  of  crude  antliraquinone  two  distinct  tests  are  necessary.  (1. ) 
Determination  of  the  anthraquinone  it  is  capable  of  yielding.  (2. )  Determina- 
tion of  the  anthraquinone  present  in  the  crude  product.  The  former  operation  is 
simply  an  anthracene  test  by  Luck's  method,  whilst  in  carrying  out  the  second 
test,  10  grms.  of  the  finely  powdered  sample  are  treated  with  10  to  15  grms.  of 
sulphuric  acid  at  100°  for  one  hour.  The  mass  is  then  boiled  out  in  water  and 
the  anthraquinone  filtered,  washed,  dried,  and  weighed.  To  ascertain  its  purity 
1  grm.  is  treated  with  10  grms.  of  sulphuric  acid  containing  10  per  cent,  of  sul- 
phuric anhydride  at  100°  for  one  hour.  It  is  then  placed  in  a  damp  atmosphere 
for  12  hours  and  allowed  to  crystallize.  After  the  addition  of  water  the  crystals 
are  collected,  washed  with  water,  dilute  alkali,  again  with  water,  dried  and 
weighed.  From  the  difference  between  the  result  of  this  analysis  and  that  of  the 
Luck's  method,  the  percentage  of  unoxidized  anthracene  can  be  easily  calculated. 

The  method  employed  for  the  analysis  of  purified  anthraquinone  consists  in 
heating  1  grni.  with  10  grms.  of  sulphuric  acid  containing  10  per  cent,  of  sul- 
phuric anhydride,  the  course  of  procedure  being  identical  with  the  second  portion 
of  the  anthracene  test.  The  grey  or  green  tinge  of  anthraquinone  purified  with 
sulphuric  acid  is  due  to  the  presence  of  a  dark-colored  amorphous  product,  wliich 
is  insoluble  in  the  usual  solvents  and  contains  nitrogen,  originating  possibly  from 
the  carbazol  or  other  nitrogenous  impurities  existing  in  crude  anthracene.  Methyl 
anthraquinone  being  moderately  soluble  in  boiling  dilute  sulphuric  acid,  especially 
if  this  contains  other  sulphonic  acids  in  solution,  a  purer  anthraquinone  is  ob- 
tained by  filtering  the  purified  product  from  the  acid  solution  of  sulphonated 
hydrocarbons  at  an  elevated  temperature. 

For  the  final  purification  of  anthraquinone  it  is  either  re-purified  with  sulphuric 
acid  at  100°,  or  sublimed  by  means  of  superheated  steam,  or  recrystallized  from 
some  suitable  solvent.  The  estimation  of  pure  anthraquinone  is  carried  out  in 
the  same  way  as  that  employed  with  the  purified  product.  Frequently,  however, 
its  valuation  in  this  manner  is  accompanied  by  a  second  determination,  in  which 
the  full  anthracene  test  is  used. 

Sodium  anthraquinonemonosulphonate  is  produced  on  a  large  scale,  in  an 
almost  chemically  pure  condition,  and  no  analysis  is  required  beyond  a  determina- 
tion of  the  moisture  present.  Tlie  filtrate  and  washings  from  this  salt  consist 
chiefly  of  a  mixiure  of  the  two  disulphonic  acids.  If  neutralized  and  converted 
into  color  no  further  valuation  is  required,  for  knowing  the  weight  of  anthra- 
quinone originally  employed  in  the  sulphonation,  and  also  the  anthraquinone 
value  of  the  sodium  mono-salt  and  unattacked  anthraquinone,  this  value  can  be  at 
once  determined  by  difference.  The  anthraquinone  unattacked  during  the  sul- 
phonating  operation  is  mostly  weighed  and  sampled  in  the  wet  condition,  the 
amount  of  moisture  being  then  determined.  For  its  analysis  1  grm.  of  the  dried 
sample  is  dissolved  in  glacial  acetic  acid  and  the  solution  treated  with  chromic 
acid  (one-half  the  usual  quantity)  as  in  the  first  portion  of  the  anthracene  test. 

Sodium  anthraquinone  disulphonates.  If  the  resulting  solution  of  the  a-  and 
/5-disulphonic  acids  be  at  once  neutralized  and  converted  into  color,  no  analysis  is 
necessary,  for  as  a  rule  the  whole  of  the  anthraquinone  is  sulphonated.  If,  how- 
ever, a  separation  of  the  acids  be  desired,  one  of  the  resulting  sulphonates  must 
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Anthraquinone  has  a  constitution  expressed  by  the  formula 

CgH,  :  I        I  :  CgH^.    When  treated  with  fuming  sulphuric  acid 

containing  50  per  cent,  of  the  anhydride,  it  yields  a  n  t  h  r  a  - 
quinone-monosulphonic  acid,  the  sodium  salt  of  which 
if  fused  for  several  days  at  180°  to  200°  C.  with  caustic  soda,  and 
sufficient  potassium  chlorate  or  nitrate  to  prevent  reduction  by  the 
hydrogen  evolved,  yields  sodium  alizarate,^  thus : — 

CfiH.-.CA-.CeHgSOgNa  +  3H(0Na)  =  C.H.-.CO^iCgH^CONa), 
+  Na^SOg  +  ILfi  +  H^. 
On  dissolving  the  melt  in  water  and  adding  hydrochloric  acid, 
free   alizarin,    or    ortho  -  dihydroxy-anthraquinone, 
CeH.iCA^CeH^COH)^,  is  precipitated. 

If,  in  the  treatment  of  the  anthraquinone  with  fuming  sulphuric 
acid,  an  excess  of  the  reagent  be  employed,  instead  of  the  mono- 
sulphonic  acid  a  6eto-disulphonic  acid  is  the  chief  product;  but  if 
the  temperature  be  increased  to  180°-185°,  the  isomeric  alpha- 
disulphonic  acid  is  the  more  abundant.^ 

On  fusing  the  alpha-disulphonic  acid  of  anthraquinone  with 
caustic  soda,  it  is  converted  into  the  sodium  salt  ofanthraflavic 
acid,  while  the  beta-acid  when  thus  treated  yields  the  isomeric 
body  iso-anthraflavic  acid.  Both  these  substances  are 
dihydroxyanthraquinones,  like  alizarin,  and  dissolve  in  alkalies 
with  yellow  color,  but  have  no  dyeing  properties.  If  the  fusion  of 
the  alpha-  and  beta-disulphonic  acids  of  anthraquinone  w'ith 
caustic  soda  be  conducted  in  presence  of  an  oxidizing  agent,  the 
products  are  the  sodium  salts  offlavopurpurin  and  a  n  th  r  a  - 
purpurin  respectively.  Both  these  bodies  are  valuable  dye- 
matters,  and  have  the  constitution  oftrihydroxy-anthra- 
quinones,  CgH4:C202:CgH(OH)3,  the  difference  between  them 
being  due  to  the  positions  of  the  hydroxyl  groups.    They  are  both 

be  examined.  For  its  analysis,  the  amount  of  moisture  is  first  determined  and 
the  dried  residue  subsequently  incinerated  with  the  aid  of  ammonium  nitrate  or 
sulphuric  acid.  The  loss  by  ignition  multiplied  by  1-526  X  100  and  divided  by 
the  weight  of  dry  substance  gives  the  percentage  of  the  pure  salt  in  the  dry  sub- 
Stance.    Perkin  {Jour.  Soc.  Dyers,  etc.,  1897,  81.) 

*If  the  fusion  be  conducted  in  the  absence  of  air,  and  no  oxidizing  agent  be 
added,  the  sodium  compound  ofmono-hydroxyanthraquinoneis  formed. 

'^On  converting  the  mixed  i)roduct  into  sodium  salts  and  adding  dilute  sul- 
phuric acid,  the  sparingly  soluble  monosulplionate  can  be  separated  from  the 
easily  soluble  acid  sodium  salts  of  the  two  isomeric  disulphonic  acids. 
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isomeric  with  the  natural  substance  purpurin,  contained  in 
madder,  which  has  been  obtained  synthetically  by  oxidizing 
alizarin  in  solution  in  concentrated  sulphuric  acid.  Anthra- 
g  a  1 1  o  1  is  a  fourth  trihydroxy-anthraquinone,  obtained  by  the 
action  of  phthalic  anhydride  on  pyrogallol  in  sulphuric  acid 
solution. 

Several  tetrahydroxyanthraquinones  (e.  g.  anthra- 
chrysone,  hydroxypurpurin,  rufiopin)  are  known,  while  rufi- 
gallic  acid  has  the  constitution  of  a  hexahydroxyan- 
thraquinone. 

The  constitution  of  anthraquinone  derivatives  is  best  interpreted 
by  the  aid  of  the  ' '  benzene  chain. ' ' 


The  diagram  represents  the  constitution  of  anthraquinone,  an 
atom  of  carbon  being  situated  at  each  angle,  and  combined  at  the 
<2  and  positions  with  an  atom  of  hydrogen.  By  the  replacement 
of  one  or 'more  of  these  hydrogen  atoms  by  a  corresponding  num- 
ber of  hydroxyl  groups,  various  hydroxy-derivatives  of  anthra- 
quinone are  obtainable,  and  their  constitution,  so  far  as  it  is 
known,  will  be  understood  by  comparing  the  following  table  with 
the  diagram: — 


o 


a1    C  al 


o'2     C  a2 


O 
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Name. 


Antheaquinone,  

monohydroxyanthraquinones, 
Erythrohydroxyanthraquinone, 
Beta-hydroxyanthraquinone,  . 

DiHYDROXYANTHRAQUINONES,  . 

Alizarin,  

Purpuroxanthin,  

Quinizarin,  

Chrysazin,  

Anthrarufin,  

Anthraflavic  acid,  

Isoanthraflavic  acid,  

Anthraflavone,   

Frangulic  acid,  

Isoalizarin,  

Trihydroxyanthraquinones,  . 

Anthragallol,  

Purpurin,  

Anthrapurpurin,  

Flavopurpurin  

Hydroxychrysazin,  

Tetrahydroxyanthraquinones 

Anthrachrysone  

Hydroxy  purpurin,  

Riifiopin,  

Hexhydroxyanthraquinones, 
Rufigallic  acid,  


Formula. 

Position 
OF  Substi- 
tuted H 

ATOMS. 

Melting 
Point  °  C. 

Ci4H802=C6H4:C202:C6H4 

273 

C,,H,02(0H) 
CeH4:C202:C6H3(0H) 
Do. 

al 

323 

C^HeO^COH)^ 
C6H4:C203:C6H2(0H)a 

Do. 

Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

al;/31 
al;/32 
al;  a2 
a'l;  al 
a'2;  al 

? 
? 
? 

289-290 
262-263 

194 

191 

Above  330 
Above  330 
291-293 
252-254 

Ci,H,02(0H)3 
C6H4:Ca02:C6H(0H)3 
Do. 

C6H3(0H):C202:C6Hj(0H)2 
Do. 
Do. 

al;  (31;  (32 
al;  (31;  a2 
(3'1;  al;  (31 
(3'2;  al;  (31 
? 

•  • 

About  360 
Above  330 

Cx4H4(0H)402 

CeH2(0H)2:C202:C6H,(0H)a 

? 
? 

320 

C,4H2(0H)e02 
C6H(0H)3:C202:CeH(0H)3 

? 
? 

By  the  oxidation  of  methyl-anthracene,  Ci4Hg(CH)3,  a 
series  of  products  parallel  to  the  ahove  may  be  obtained. 
Chrysophanic  acid,  CgH,:  Cfl,:  CCCHgXOH)^  is  a  dihy- 
droxy-methylanthraquinone,  while  emodinis  a  trihydroxy- 
derivative. 

Such  of  the  hydroxy-derivatives  of  anthraquinone  as  receive 
practical  application  are  not  known  generally  by  their  systematic 
or  descriptive  names,  but  are  simply  termed  "  alizarin  for  reds," 
"  alizarin  for  blues,"  &c.  Hence  it  will  be  convenient  to  describe 
fully  the  characters  of  true  alizarin,  and  subsequently  treat  of  the 
various  products  known  in  commerce  as  "  alizarin." 
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Alizarin.  Ortho-dihydroxy-anthraquinone. 

C^uHgO^  =  CgH^<^Q>CgH2 1  (2)Q^ 

Alizarin  exists  ready-formed  in  madder-root  (Rubia  tinctorum), 
but  the  proportion  of  actual  alizarin  is,  except  in  old  roots, 
small  compared  with  that  existing  potentially  in  the  form  of 
ruberythricacid/  a  glucoside  which  on  steeping  the  madder 
roots  in  water  is  resolved,  under  the  influence  of  a  peculiar  ferment 
called  erythrozyme,  into  alizarin  and  dextro-glu 
cose,  according  to  the  following  equation : — 

C,eH,sO„  +  2H,0  -  C„HA  +  2C,H„0,- 

Various  methods  of  accelerating  this  change  have  been  devised, 
the  most  important  and  rational  being  to  treat  the  powdered  root, 
previously  exhausted  w^ith  water,  with  strong  sulphuric  acid,  which 
splits  up  the  ruberythric  acid  according  to  the  foregoing  equation, 
without  altering  the  resultant  alizarin.  The  product  thus  obtained 
was  called  garancine,  but  the  cultivation  of  madder  as  a  source 
of  alizarine  is  now  almost  entirely  abandoned,  and  garancine  and 
similar  products  have  little  more  than  an  historical  interest. 

Alizarin  is  now  manufactured  artificially  on  a  very  large  scale, 
the  sole  source  being  the  anthracene  from  coal-tar.  The 
synthesis  of  alizarin  was  first  effected  by  G  r  a  e  b  e  and  L  i  e  b  e  r- 
mann,  in  1868.  One  of  the  methods  employed  in  practice  has 
already  been  described  in  outline  (page  230).  The  other  com- 
mercial process,  devised  by  W.  H.  Perk  in,  consists  in  convert- 
ing anthracene  into  dichloranthracene,  C^JIfi\,  by  the 
action  of  chlorine,  and  heating  the  product  with  sulphuric  acid, 
whereby  a  mixture  is  obtained  of  the  two  isomeric  anthra- 
quinone-disulphonic  acids  described  on  page  232, 
with  more  or  less  of  the  monosulphonic  acid.  The  subsequent 
fusion  with  an  alkali  and  an  oxidizing  agent,  and  decomposition 
of  the  sodium  salts  by  an  acid  is  the  same  as  that  already  de- 
scribed. To  obtain  pure  alizarin,  a  pure  monosulphonic  acid 
(free  from  the  disulphonic  acid)  must  be  employed,-^  and  hence 

^  EuBERYTHRic  or  RuBiANic  AciD,  C2eH.^sO,4,  may  be  obtained  by  exhausting 
fresh  madder-root  with  water,  adding  neutral  lead  acetate,  filtering,  and  decom- 
posing the  precipitate  of  lead  rubianate  by  sulphuretted  hydrogen.  On  evaporat- 
ing the  liquid  filtrated  from  the  lead  sulphide,  rubianic  acid  is  obtained  in  yel- 
low silky  needles. 

^To  obtain  pure  alizarin,  the  blue  shade  of  commercial  alizarin  paste  may  be 
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Perkin's  process  is  better  adapted  for  the  production  of  anthra- 
purpurin  and  fiavopurpurin  than  true  ahzarin. 

Ahzarin  may  also  be  prepared  by  heating  phthahc  anhydride  ^ 
with  catechol,  a  reaction  which  indicates  its  constitution: 

C,H,:(CO.OH),  -t-  C,H,:  (OH,)  =  C,H.:  (CO),:C,H,(OH),  +  20H,. 

Alizarin  crystallizes  from  alcohol  in  reddish-yellow  prisms  or 
needles  containing  3  aqua,  which  it  loses  at  100°.  It  melts  at 
289°~299°  C.^  and  sublimes  at  a  somewhat  higher  temperature  in 
magnificent  orange-red  needles. 

Alizarin  is  nearly  insoluble  in  cold  water,  and  requires  3220 
parts  of  boiling  water  for  solution.  Cold  alcohol  dissolves  it  but 
sparingly,  but  in  boiling  alcohol,  glacial  acetic  acid,  and  glycerin 
it  is  more  soluble.  It  is  also  readily  soluble  in  ether,  carbon 
disulphide,  and  benzene,  and  may  be  extracted  by  agitation  with 
these  solvents.  In  strong  sulphuric  acid,  alizarin  dissolves  with 
dark  brownish-red  color,  and  is  precipitated  unchanged  on  dilut- 
ing the  solution  with  water. 

In  solutions  of  alum  and  aluminium  sulphate  alizarin  is  almost 
insoluble,  a  character  which  distinguishes  it  from  purpurin,  which 
dissolves  in  boiling  alum  solution,  forming  a  yellowish-red  and 
strongly  fluorescent  liquid. 

Alizarin  has  the  characters  of  a  weak  acid.  It  dissolves  in  solu- 
tions of  carbonates  of  the  alkaU-metals,  apparently  without  decom- 
posing them,  and  it  also  dissolves  in  a  boihng  solution  of  sodium 
acetate,  separating  again  unchanged  on  cooling;  but  if  the  boiling 
be  continued  for  some  time,  acetic  acid  is  given  off  and  sodium 
alizarate  remains  in  permanent  solution.  With  caustic  alkalies  it 
reacts  to  form  true  compounds  or  alizarates,  the  solutions  of  which 
are  violet  by  transmitted,  and  purple  by  reflected,  hght.  A  solu- 
tion of  sodium  ahzarate  gives  insoluble,  colored  precipitates  or 

lakes'^  with  most  metallic  solutions.  Thus  with  barium  and 
calcium  salts  it  yields  purple  precipitates  (distinction  from  mono- 
dissolved  in  dilute  caustic  soda,  and  the  filtered  solution  treated  with  barium 
chloride  and  heated  to  boiling.  Barium  alizarate  separates  as  a  precipitate,  which 
is  filtered  off,  washed,  and  decomposed  by  hydrochloric  acid.  Tlie  free  alizarin 
is  well  washed,  and  can  be  further  purified  by  sublimation  or  crystallization  from 
glacial  acetic  acid. 

'  Alizarin  has  also  been  synthesized  from  hemipic  acid,  which  is  dimethoxyph- 
thalic  acid  (K.  Lagodzinski,  Ber.,  xxviii,  p.  1427). 

2 This  is  the  melting  point  of  alizarin  according  to  Glaus  and  Wildgerodt. 
S  c  h  u  n  c  k  gives  282°  as  the  meltmg  point. 
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hydroxyanthraquinone)  which  are  soluble  in  water  containing  car- 
bonic acid.  With  aluminium  and  tin  alizarin  forms  red  lakes,  and 
has  such  affinity  for  these  metals  that  it  is  capable  of  decomposing 
dilute  solutions  of  nitrates  or  chlorides  containing  them.  With 
ferric  salts,  sodium  alizarate  yields  a  black-violet  precipitate,  but 
with  ferrous  salts  a  violet  precipitate  is  formed.  An  alcoholic 
solution  of  free  alizarin  also  gives  a  purple  precipitate  with  ferric 
chloride. 

By  heating  in  the  solid  state  with  zinc-dust,  alizarin  is  reduced 
to  anthracene,  C^^H^o.  If  dissolved  in  weak  soda  and  treated 
in  the  cold  with  zinc-dust,  the  violet  solution  becomes  red. 
When  alizarin  is  boiled  with  zinc-dust  and  ammonia  it  is  reduced 
to  a  body  of  the  formula  Cj^Hj^Og,  to  which  the  name  a  n  t  h  r  a- 
robin  has  been  given.  ^ 

The  solution  of  alizarin  in  ammonia  or  carbonated  alkali  differs 
from  that  of  purpurin  in  being  non-fluorescent,  but  exhibits  a 
characteristic  absorption-spectrum,  having  a  well-defined  band  in 
the  yellow,  and  another  narrower  one  between  the  orange  and  red. 
There  is  also  another  faint  band  about  E,  scarcely  distinguishable 
from  the  general  absorption  occurring  in  that  region.  The  absorp- 
tion spectra  of  the  solutions  of  alizarin  in  ether  and  carbon  disul- 
phide  are  not  characteristic. 

When  boiled  with  acetic  anhydride,  alizarin  yields  a  m  o  n  o  - 
acetyl-derivative,  and  on  prolonged  boiling  diacetyl- 
alizarin,  Ci.H.CO.C.Hg)^^- 

Alizarin-sulphonic  Acid.  Ci4H502(OH)^(S03H).  This  body 
is  formed  by  heating  alizarin  with  fuming  sulphuric  acid  until  the 
product  is  completely  soluble  in  water.    The  liquid  is  then 

'  Anthraeobtn  has  been  recommended  in  skin-diseases  as  a  substitute  for 
ehrysarobin  or  chrysophanic  acid  (page  234),  as  it  is  said  to  be  less  liable  to  pro- 
duce inflammation  of  the  cuticle.  It  is  prepared  by  boiling  commercial  alizarin 
with  zinc-dust  and  dilute  ammonia,  filtering  the  amraoniacal  solution  into  hydro- 
.  chloric  acid,  and  collecting,  washing,  and  drying  the  precipitate.  The  similar 
product  from  purpurin  is  called  anthrarobin  P  or  T. 

Commercial  anthrarobin  is  a  yellowish-white  powder,  permanent  in  the  air, 
and  insoluble  in  water  and  dilute  acids,  but  readily  soluble  with  brownish-yellow 
color  in  dilute  solution  of  alkalies  and  alkaline  earths,  the  solutions  by  contact 
with  air  or  oxygen  changing  to  green  and  blue,  and  finally  to  violet. 

Anthrarobin  dissolves  with  diflTiculty  in  benzene  or  chloroform,  but  is  soluble 
with  moderate  facility  in  cold,  and  very  easily  in  boiling  alcohol.  The  alcoholic 
solution  may  be  mixed  with  glycerin  without  precipitation. 

Commercial  anthrarobin  contains  a  trace  of  zinc,  but  the  entire  ash  should  not 
exceed  0.3  per  cent. 
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diluted,  and  the  unaltered  sulphuric  acid  precipitated  by  lime  or 
baryta. 

Alizarin-sulphonic  acid  is  freely  soluble  in  water,  and  forms 
three  series  of  salts,  according  to  the  number  of  hydrogen  atoms 
replaced.  The  salts  of  the  alkali-metals  containing  one  atom  of 
base  are  yellow  or  orange,  and  soluble  in  water;  those  with  two 
atoms  are  reddish-violet;  and  those  with  three  atoms  intensely 
violet. 

Sodium  Alizarin-sulphonate,  Cj^H502(OH)2(S03Na),  constitutes 
the  coloring  matter  known  in  commerce  as  alizarin  carminej 
alizarin  powder  IF,  and  alizarin  WS  or  WSL  It  forms  an  orange- 
yellow  powder,  easily  soluble  in  water  or  alcohol  with  orange  or 
brownish-yellow  color.  The  solution  is  turned  bright  yellow  by 
hydrochloric  acid  and  violet  by  caustic  soda.  In  strong  sulphuric 
acid  the  dye  dissolves  with  yellowish-red  color,  changing  to  bright 
yellow  on  dilution.  Alizarin  carmine  dyes  wool  mordanted  with 
alumina  scarlet,  while  tin  mordants  give  orange  and  chromium 
claret-red  shades;  but  the  colors  are  not  so  bright  as  those  obtained 
with  sulphonated  azo-dyes. 

Beta-nitroalizarin.  C6H4:C,02:C6H(N02)(0H)2.  By  direct 
treatment  with  nitric  acid,  alizarin  is  converted  into  phthalic 
acid,  CgH^CCOOH)  (page  236) ;  but  by  the  action  of  nitric  acid  on 
alizarin  dissolved  in  glacial  acetic  acid  or  petroleum  spirit,  b  e  t  a- 
nitro-alizarin  is  obtained.  This  body,  which  constitutes  the 
alizarin  orange  of  commerce,  was  formerly  prepared  by  exposing 
cloth  dyed  with  alizarin  red  to  nitrous  fumes,  but  is  now  directly 
obtained  by  treating  alizarin  in  nitrobenzene  solution  with  nitric 
acid  of  30°-40°  Baum^.  When  pure,  nitro-alizarin  forms  yellow 
needles  or  leaflets,  which  melt  at  244°  C.  and  sublime  at  a  higher 
temperature  with  partial  decomposition.  It  is  nearly  insoluble  in 
water,  but  dissolves  in  glacial  acetic  acid.  The  solution  in  caustic 
soda  is  magenta-red,  and  on  treatment  with  zinc-dust  gradually 
becomes  blue  and  then  yellowish-brown,  the  indigo-blue  color  re-  . 
turning  on  exposing  the  filtered  liquid  to  the  air.  Other  reactions 
of  alizarin  orange  are  given  in  the  tables. 

/S-nitro-alizarin  derives  its  chief  practical  interest  from  its 
reaction  with  glycerol  and  sulphuric  acid,^  whereby  it  is  converted 

'  One  part  of  nitro-alizarin  in  fine  powder  is  heated  with  five  parts  of  strong 
sulphuric  acid  and  five  of  absohite  glycerin  to  150°  C.  When  the  reaction  is 
completed,  the  product  is  boiled  with  excess  of  water,  when  the  coloring  matter 
dissolves,  but  is  deposited  on  cooling  as  a  flocculent  brown  precipitate.  When 
this  is  washed  with  water,  it  loses  sulphuric  acid  and  becomes  blue. 
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into  dihydroxyanthraquinone-quinoline,  or  alizarin 
blue^  according  to  the  following  equation : 


(«1)0H 
(/3l)0H 


CH,.OH 
I 

+  CH.OH 


r  OH 

C«H,:  CA:    ]  .+0,  +  3011, 

i.  N  :  CH.  I 

Alizarin  Blue,  Cj^HgNO^,  has  the  constitutional  formula  shown 
above.  In  the  pure  state  it  forms  dark  blue  or  brownish-violet 
needles,  which  melt  at  270°,  and  may  be  partially  sublimed  with- 
out decomposition.  In  commerce,  alizarin  blue  occurs  as  minute 
shining  crystals,  or  as  a  dark  violet  paste  containing  10  per  cent, 
of  the  dry  substance.  The  pure  coloring  matter  can  be  obtained 
by  boiling  the  dried  paste  with  glacial  acetic  acid,  the  alizarin  blue 
being  deposited  in  crystals  on  cooling.  It  is  insoluble  in  water, 
but  dissolves  with  blue  color  in  hot  alcohol,  and  is  sparingly 
soluble  in  benzene. 

Alizarin  blue  exhibits  both  acid  and  basic  characters,  a  property 
doubtless  due  to  the  simultaneous  presence  of  OH  groups  and  a 
pyridine  residue  in  the  molecule.  With  dilute  sulphuric  acid 
alizarin  blue  unites  to  form  a  brown  compound,  which  is  decom- 
posed by  washing  with  water.  In  strong  sulphuric  acid  it  dis- 
solves with  red,  and  in  phosphoric  and  arsenic  acids  with  reddish- 
yellow  color. 

In  dilute  caustic  alkalies  alizarin  blue  dissolves  with  greenish- 
blue  color,  but  the  solution  is  precipitated  by  excess  of  alkali. 
By  treating  the  solution  of  alizarin  blue  in  caustic  alkali  with 
metallic  solutions  a  series  of  insoluble  lakes  may  be  obtained. 
The  compounds  with  lime,  baryta,  and  ferric  oxide  are  greenish- 
blue,  that  with  nickel  oxide  blue,  and  those  with  alumina  and 
oxide  of  chromium  bluish-violet. 

When  treated  with  zinc-dust  in  alkaline  solution,  alizarin  blue 
is  reduced  with  red  coloration,  but  the  blue  color  returns  on 
exposing  the  filtered  liquid  to  the  air.  Other  reducing  agents  may 
be  employed,  and  the  property  may  be  applied  for  the  production 
of  an  alizarin  blue  vat,  similar  to  that  used  in  indigo-dyeing. 
Alizarin  blue  is  too  expensive  to  be  used  generally  as  a  substitute 
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for  indigo,  and  its  tendency  to  form  insoluble  lakes  is  not  in  its 
favor.  The  color  is  not  so  fast  to  light  as  indigo,  but  is  less  readily 
attacked  by  oxidizing  agents,  such  as  hypochlorites,  chromic  acid, 
and  alkaline  solutions  of  ferricyanides. 

The  inconvenience  attending  the  employment  of  ordinary  alizarin 
blue  can  be  overcome  by  converting  it  into  a  soluble  form,  by 
treating  the  commercial  paste  with  a  concentrated  solution  of 
acid  sodium  sulphite.  After  standing  ten  days  or  a  fortnight, 
the  liquid  is  filtered,  and  the  new  coloring  matter  obtained  in 
the  solid  state  by  evaporation  at  a  low  temperature  or  salting  out. 

Alizarin  Blue  S,  or  Soluble  Alizarin  Blue,  obtained  as  above 
described,  is  the  sodium  bisulphite  compound  of  dihydroxyanthra- 
quinone-quinoline.  It  occurs  in  commerce  as  a  dark  purple  or 
chocolate-brown  powder,  which  dissolves  easily  in  water  with 
yellowish-brown  color.  In  strong  sulphuric  acid  the  solid  dye 
dissolves  with  deep  yellow  color,  and  on  dilution  with  water  the 
liquid  yields  a  brownish  precipitate.  Dilute  hydrochloric  acid 
changes  the  color  of  the  aqueous  solution  to  reddish-yellow,  and 
soda  turns  it  to  bluish-violet.  With  excess  of  a  strong  acid  or  alkali, 
the  bisulphite  compound  is  decomposed  with  precipitation  of  the 
blue;  but  the  solution  is  unaffected  by  salts  of  calcium,  magnesium, 
or  chromium,  or  by  acetic  or  tartaric  acid.  On  heating  the 
aqueous  solution  above  70°  C,  the  bisulphite  compound  is  decom- 
posed, and  the  insoluble  blue  coloring  matter  is  precipitated. 
This  reaction  is  extensively  applied  in  practice,  and  the  color  pro- 
duced being  less  affected  by  light  than  that  given  by  insoluble 
alizarin  blue,  the  soluble  variety  has  almost  superseded  the  older 
coloring  matter  both  in  printing  and  dyeing. 

Soluble  alizarin  blue  is  now  a  formidable  rival  of  indigo  in 
wool-dyeing.  The  wool  is  first  mordanted  by  sulphuric  acid  and 
bichromate  of  potassium,  and  is  then  immersed  in  a  bath  of 
alizarin  blue  S,  to  which  sufficient  acetic  acid  has  been  added  to 
neutralize  any  earthy  carbonates  existing  in  the  water.  The 
colors  thus  obtained  are  said  to  be  as  fast  as  indigo  to  light  and 
milling.' 

On  the  fibre,  alizarin  blue  is  unchanged  by  soap,  soda,  or  solu- 
tion of  bleaching  powder.  When  dyed  on  wool  with  a  chrome 
mordant,  nitric  acid  produces  an  orange  color,  but  otherwise  the 
color  is  discharged.    Dilute  hydrochloric  solution  turns  the  color 

^  Alizarin  blue  is  now  being  tried  on  a  large  scale  in  the  Prussian  army,  the 
English  navy,  and  on  the  Atlantic  liners. 
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to  violet,  and  soda  to  bluish-green,  while  an  acid  solution  of 
stannous  chloride  changes  the  color  to  a  brownish-yellow.  When 
treated  with  phosphoric  acid  of  1.435  sp.  gravity,  alizarin  blue  is 
dissolved  from  the  fibre  with  orange  color,  and  the  solution,  after 
dilution  with  water,  is  turned  blue  on  adding  ammonia.  The 
absorption-spectrum  of  alizarin  blue  is  characteristic,  and  the  fact 
may  be  utilized  for  its  detection. 

Trihydroxyanthraquinones.  Ci^H.02(0H 

Of  the  five  known  bodies  of  this  constitution  (formulated  on 
page  234)  four  have  a  practical  interest  as  coloring  matters,  and 
are  described  below.  Of  hydroxychrysazin,  the  fifth  dis- 
covered isomer,  very  little  is  known. 

Anthragallol.  CgH,:  C^O^:  CeH(0H)3.  [OH:  OH:  OH  =  al:- 
/?1 :  ^2] .  This  body  has  not  yet  been  obtained  from  anthracene. 
It  is  prepared  by  the  action  of  phthalic  anhydride  on  pyrogallol  in 
presence  of  sulphuric  acid  or  chloride  of  zinc: — 

C,H,:  CA:  O  +  C,H,(OH),  =  C,H,:  0,0,:  C,H(0H)3  +  H,0. 
It  may  also  be  obtained  by  acting  with  gallic  acid  on  benzoic  acid 
in  presence  of  sulphuric  acid: — 

C,H-.CO.OH  +  C,H,(0H)3.C0.0H  =  C,H,:  0,0,:  C.HCOH)^  + 

2H,0. 

Anthragallol  forms  the  essential  constituent  of  the  coloring 
matter  known  as  anthracene  brown.  It  occurs  as  a  dark  brown 
paste,  insoluble  in  water,  but  dissolving  in  alcohol  with  yellow 
color. 

PuRPURiN.  CeH,:CA--  C,H(OH)3[OH:OH:OH=:al:^l:a2]. 
Purpurin  occurs  to  a  considerable  amount  in  old  madder-root, 
mixed  with  alizarin,  from  which  it  may  be  separated  by  treating 
the  mixture  with  a  boiling  solution  of  alum,  in  which  alizarin  is 
insoluble.  Purpurin  may  also  be  prepared  artificially  by  oxidiz- 
ing alizarin  or  quinizarin  with  manganese  dioxide  and  sulphuric 
acid.  A  preferable  plan  is  to  dissolve  alizarin  in  strong  sulphuric 
acid,  heat  the  liquid  to  150°-160°  C,  and  gradually  add  dry 
arsenic  acid.  When  the  reaction  is  over,  the  liquid  is  diluted 
with  water  and  the  precipitate  separated  and  treated  with  a  hot 
concentrated  solution  of  alum,  the  liquid  is  filtered  from  the 
residue  of  unchanged  alizarin,  and  the  purpurin  precipitated  from 
the  filtrate  by  adding  hydrochloric  acid.^  The  product  may  be 
purified  by  crystallization  from  alcohol. 

*  The  proportion  of  purpurin  present  in  the  commercial  paste  may  be  similarly 
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Purpurin  crystallizes  from  its  solution  in  hot  spirit  in  yellowish- 
red  needles  or  prisms,  containing  Cj4H5(OH)302  +  HgO.  It  begins 
to  sublime  at  150°  and  melts  at  153°,  but  is  more  readily  decom- 
posed by  heat  than  is  alizarin.  In  water,  purpurin  is  more  soluble 
than  alizarin,  and  the  solution  in  hot  water  free  from  alkali  has  a 
yellow  color.    Purpurin  also  dissolves  in  alcohol  and  ether. 

In  caustic  alkalies,  purpurin  dissolves  easily  with  a  magenta  or 
purple-red  color.  It  forms  a  compound  with  soda,  which  crystal- 
lizes in  well-defined  long  prisms.  The  alkaline  solutions  of 
purpurin  become  decolorized  on  prolonged  exposure  to  light.  On 
strongly  acidulating  a  solution  of  purpurin  in  an  alkali  with 
hydrochloric  acid,  purpurin  hydrate  is  thrown  down. 
The  artificial  purpurin  paste  probably  consists  chiefly  of  this  body. 
When  heated,  it  loses  its  water  of  hydration,  and  changes  into 
ordinary  purpurin.  In  warm  alcohol  it  dissolves  more  readily 
than  ordinary  purpurin. 

When  heated  with  aqueous  ammonia  under  pressure,  purpurin 
is  converted  into  purpurinamide,  Ci4ll5(NIl2) (OH)202. 
Owing  to  the  formation  of  this  body,  an  ammoniacal  solution  of 
purpurin,  if  kept  for  several  weeks,  loses  its  power  of  dyeing  mor- 
danted cloth.  On  neutralizing  the  solution,  the  purpurinamide 
forms  a  dark  crystalline  precipitate,  soluble  in  alcohol  or  a  large 
quantity  of  hot  water,  but  separating  again  on  cooling  in  long 
crimson  needles,  which  exhibit  a  deep  green  metallic  reflection. 
It  dissolves  freely  in  fuming  nitric  acid  (sp.  gr.  1.5)  at  the  tem- 
perature of  boiling  water,  and  on  cooling  the  solution  deposits 
magnificent  scarlet  crystals,  which  are  insoluble  in  water,  ether, 
and  carbon  disulphide,  and  only  slightly  soluble  in  alcohol. 

With  acetic  anhydride,  purpurin  forms  atriacetyl  deri- 
vative of  the  composition  €14115(0021130)302,  which  crystallizes 
in  yellowish  needles  fusing  at  190°-193°  C.  An  alcoholic  solution 
of  purpurin  gives  with  alcoholic  lead  acetate  a  dark  crimson  preci- 
pitate, which  dissolves  on  treatment  with  an  excess  of  the  reagent, 
to  form  a  fine  crimson  solution,  the  spectrum  of  which  shows  three 
absorption-bands.  Alizarin  when  similarly  treated  gives  a  purple 
coloration  or  precipitate. 

An  alcoholic  solution  of  purpurin  gives  with  alcoholic  copper 

determined  by  boiling  tlie  sample  with  a  strong  solution  of  alum  or  aluminium 
sulphate,  filtering,  precipitating  the  filtrate  by  hydrochloric  acid  and  weighing 
the  dried  precipitate. 
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acetate  a  dark  reddish-yellow  precipitate,  whereas  alizarin,  if  pure, 
gives  a  purple  solution,  but  no  precipitate,  when  treated  similarly. 

With  lime  and  baryta  water  purpurin  yields  purple-red  pre- 
cipitates, and  dyes  cloth  mordanted  with  alumina  a  color  varying 
from  scarlet  to  dark  red,  without  any  shade  of  blue.  Purpurin 
dyes  cotton  mordanted  with  ferric  salts  purple  or  black. 

The  most  characteristic  reaction  of  purpurin  is  its  property  of 
dissolving  in  a  hot  solution  of  alum  with  reddish-yellow  color 
and  greenish-yellow  fluorescence.  The  purpurin-alumina  lake 
behaves  similarly.  The  fluorescence  is  seen  to  perfection  in  a 
liquid  prepared  by  adding  a  solution  of  purpurin  in  sodium  car- 
bonate to  one  of  alum  which  has  been  previously  treated  with 
tartaric  acid  and  sodium  carbonate  in  quantity  sufficient  to  prevent 
precipitation. 

The  absorption-spectrum  of  purpurin  is  characteristic.  A  solu- 
tion of  purpurin  in  alum  or  alkaline  carbonate,  if  of  suitable 
strength,  gives  two  well-defined  absorption-bands  in  the  green,  the 
less  refrangible — situated  about  twice  as  far  from  line  D  as  from 
line  — being  particularly  sharp  and  black. ^  The  absorption- 
spectrum  of  the  solution  of  purpurin  in  carbon  disulphide  contains 
four  nearly  equidistant  absorption-bands,  of  which  the  first,  which 
is  somewhat  more  refrangible  than  the  D  line,  is  the  narrowest, 
the  second  and  third  broader,  but  very  distinct,  while  the  fourth 
is  scarcely  distinguishable  from  the  general  absorption.  An 
ethereal  solution  of  purpurin  is  faintly  fluorescent,  and  shows  a 
very  dark  narrow  absorption-band  slightly  more  refrangible  than 
E,  and  a  second  wider  and  less  defined  band  at  F. 

The  detection  of  alizarin  by  a  similar  method  is  far  less  delicate, 
since  alum  cannot  be  used  to  separate  it  from  the  accompanying 
impurities,  some  of  which  produce  absorption  in  that  part  of  the 
spectrum  in  which  all  but  the  least  refrangible  of  the  absorption- 
bands  occur,  and  this  band  is  not  the  most  intense  or  character- 
istic of  those  produced  by  alizarin  (Stokes,  Jour.  Chem.  Soc, 
xii.  219). 

^  According  to  H.  Morton,  the  refrangibility  of  the  absorption-bands  of  a 
solution  of  purpurin  in  alum  is  sensibly  affected  by  the  temperature  of  the  solution 
and  the  proportion  of  alum  contained  in  it. 

^By  boiling  a  very  small  quantity  of  the  root  with  alum,  and  observing  the 
absorption-spectrum  and  fluorescence  of  the  filtered  liquid,  Stokes  detected  pur- 
purin in  upwards  of  twenty  species  of  the  family  Rubiacce,  comprising  the  genera 
Mubia,  Asperula,  Gallium,  Crucianella,  and  Scherardia. 
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To  detect  small  quantities  of  alizarin  in  purpurin,  a  solution  of 
the  coloring  matter  in  caustic  soda  should  be  exposed  to  the  light 
till  all  the  purpurin  is  destroyed.  The  liquid  is  then  treated  with 
dilute  sulphuric  acid  and  agitated  with  ether,  alizarin  being  sub- 
sequently sought  for  in  the  evaporated  ethereal  solution. 

Anthrapuepurin  )  c,H,(OH):CA:C,H,(OH),  (see  also  page 


Flavopurpurin 

232).  These  two  isomeric  bodies  differ  from  each  other  and  from 
purpurin  simply  in  the  position  occupied  in  the  molecule  by 
the  hydroxyl  groups.  They  are  produced  by  fusing  5eto-anthra- 
quinone-disulphonic  acid  and  a/j)/?a-anthraquinone-disulphonic 
acid,  respectively,  with  caustic  soda  and  potassium  chlorate  (page 
232).  Both  are  valuable  coloring  matters,  and  exist  in  various 
brands  of  commercial  alizarin.  Anthrapurpurin  is  as  important  a 
coloring  matter  as  alizarin  itself,  and  used  with  it  increases  its 
brilliancy,  while  alone  it  gives  very  brilliant  scarlet  shades. 
Alizarin  for  reds  consist  chiefly  of  anthrapurpurin,  while  flavopur- 
purin gives  yellower  shades.  Both  coloring  matters  present  a  close 
resemblance  to  alizarin,  and  the  general  reactions  of  the  com- 
mercial pastes  are  shown  in  the  tables.  In  the  following  table,  the 
principal  distinctions  between  anthra-  and  flavo-purpurin  are 
exhibited: 
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Anthrapurpurin. 

Flavopurpurin. 

Positions    of    the  OH 
groups. 

/3'1 :  al : 

(3'2:al 

Appearance. 

Orange  needles  ;  an- 
hydrous. 

— ^  

Golden  -  yellow  needles  ; 
anhydrous. 

Solubility  in  alcohol. 

Easily  soluble  in  boiling 
alcohol. 

Easily  soluble  even  in  cold 
alcohol. 

Solubility  in  hot  benzene. 

Almost  insoluble. 

Soluble. 

Solubility  in  boiling 
water. 

Slight  ;  solution  turns 
ing. 

Slight ;  solution  remains 
yellow  after  prolonged 
boiling. 

Solubility  in  solution  of 
alum. 

Slightly  soluble  with 
orange  color  on  boil- 
ing ;  separates  again 
on  cooling. 

Insoluble. 

Color    of    solution  in 
strong  sulphuric  acid. 

Dull  violet  color,  chang- 
ing to  fine  red- violet 
on  adding  a  trace  of 
sodium  nitrite. 

Red-brown. 

Color    of    solution  in 
caustic  alkali. 

Violet  (but  redder  than 
an  alkaline  solution  of 
alizarin);  two  absorp- 
tion-bands simulating 
those  of  alizarin. 

Purple  (redder  shade  than 
with  antlirapurpurin)  ; 
on  dilution,  pure  red. 
Two  absorption  -  bands, 
more  refrangible  than 
those  of  alizarin,  and 
a  characteristic  broad 
band  in  the  blue. 

Color  of  solution  in  am- 
monia. 

Violet ;  no  absorption- 
bands. 

Yellowish-red ;  no  ab- 
sorption-bands. 

Color    of    solution  in 
sodium  carbonate. 

Violet. 

Yellowish-red. 

Reaction  with  alcoholic 
solution  of  lead  acetate. 

Purple  precipitate,  dis- 
solving with  violet 
color  on  boiling  with 
excess  of  the  reagent. 

Reddish  -  brown  precipi- 
tate, dissolving  very 
sparingly  on  boiling  with 
excess  of  the  reagent, 
with  red  color. 

Eeaction  with  alcoholic 
solution  of  cupric  ace- 
tate. 

Fine  violet  color. 

Red  coloration. 

Anthrapurpurin  and  flavopurpurin  are  now  met  with  in  com- 
merce in  a  state  of  almost  perfect  purity,  but  sometimes  are  very 
impure.  G.  .Jellinek  (Ber.,  xxi.  2524;  J.  S.  C.  Ind.,  vii.  743) 
states  that  the  article  supplied  as  pure  flavopurpurin  by  various 
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German  alizarin  makers  sometimes  contains  as  much  as  30  per 
cent,  of  non-tinctorial  substances,  chiefly  anthraflavic  acid.  For 
the  detection  of  these  impurities  in  commercial  flavopurpurin, 
Jellinek  recommends  that  the  sfimple  should  be  dissolved  in 
alkali,  and  the  solution  treated  with  lead  acetate.  The  precipitate 
is  well  washed  with  hot  water,  and  decomposed  by  sulphuric  acid 
in  presence  of  alcohol.  The  coloring  matter  is  then  obtained  from 
the  alcoholic  solution  by  fractional  crystallization. 

The  following  table  exhibits  the  characteristic  differences  be- 
tween alizarin  and  the  three  purpurins: — 


Name. 

With  NaOH. 

With  H^SO^. 

Sublimation 
Point. 

Anthrapurpurin .  .  . 
Flavopurpurin      .  . 

Blue-violet. 
Violet. 
Purplish-red. 
Red. 

Brown-red. 
Brown. 
Red-violet. 
Cherry-red. 

Below  160°  C. 
At  160°  C. 
170°  C. 
150°  C. 

Fibres  dyed  with  alizarin  or  flavopurpurin  lakes  or  with  the 
aluminium  lake  of  anthrapurpurin  are  not  changed  in  an  alkaline 
solution  of  potassium  ferri-cyanide,  whereas  the  color  on  fibres 
dyed  with  anthrapurpurin  on  an  iron  mordant,  or  with  purpurin 
are  destroyed. 

Commercial  Alizarin.    Alizarin  Paste. 

Commercial  alizarin  always  occurs  in  the  form  of  an  ochre-yellow 
or  brownish-yellow  paste,  ^  consisting  of  the  solid  coloring  matters 
in  a  hydrated  state  mixed  with  a  definite  proportion  of  water. 

Alizarin  paste  ordinarily  contains  20  per  cent,  of  solid  matter. 
The  strength  is  easily  ascertained  by  drying  a  fair  sample  at  100° 
C.  By  exposure  to  this  temperature  the  alizarin  is  rendered  anhy- 
drous, loses  the  slight  solubility  it  previously  possessed,  and 
becomes  wholly  unfit  for  dyeing.^  The  residue,  after  drying, 
should  be  yellow — not  dark  brown.  After  weighing,  the  residue 
should  be  ignited  at  a  dull  red  heat.    The  ash  obtained  should  not 

•  Dry  alizarin  may  be  prei)ared  by  mixing  the  paste  with  starch  and  pressing 
and  drying. 

'Tlie  same  statement  applies  to  alizarin  paste  which  lias  been  frozen,  and  hence 
it  is  customary  during  severe  weather  to  protect  the  coloring  matter  from  the 
cold. 
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exceed  1  per  cent,  of  the  weight  of  the  dried  residue,  and  should 
be  practically  free  from  iron.^ 

According  to  Benedikt  and  K  n  e  c  h  t,  commercial  alizarin  is 
liable  to  contain  glycerin,  turkey-red  oil,  and  other  thickening 
agents,  for  the  detection  of  which  they  recommend  dilution  of  the 
paste  with  water  and  filtration  of  the  liquid,  when  a  perfectly 
colorless  filtrate  should  be  obtained,  which  may  contain  small 
quantities  of  sodium  chloride  and  other  salts,  but  should  leave  no 
syrupy  residue  of  glycerin  on  cautious  evaporation.  A  practical 
objection  to  this  method  of  examination  exists  in  the  great  diffi- 
culty, sometimes  amounting  to  impossibility,  which  attends  the 
filtration  of  alizarin  paste  diluted  with  water.  If  the  presence  of 
glycerin  or  turkey-red  oil  be  suspected,  it  would  probably  be  pre- 
ferable to  examine  the  residue  left  on  evaporating  the  paste  to 
dryness  at  100°. 

Besides  true  alizarin,  the  commercial  paste  contains  more  or  less 
of  the  dihydroxy-anthraquinones  isomeric  with  alizarin,  as  well  as 
several  of  the  mono-  and  tri-hydroxyanthraquinones.  All  these 
bodies  present  a  very  close  general  resemblance  to  alizarin  proper, 
but  all  except  the  trihydroxyanthraquinones  (flavopurpurin  and 
anthrapurpurin)  are  valueless  ,  as  dyes,  and  these  latter  give  very 
different  shades  from  those  produced  by  pure  alizarin. 

The  following  method  is  given  by  Benedikt  and  Knecht 
for  recognizing  the  constituents  of  commercial  alizarin  paste: — A 
small  quantity  of  the  sample  is  dissolved  in  a  solution  of  sodium 
carbonate,  and  the  liquid  filtered.  The  residue  consists  of 
anthraquinone  and  monohydroxyanthraquinone,  which  may  be  sepa- 
rated by  means  of  dilute  caustic  soda  solution,  in  which  only  the 
latter  is  soluble.  The  filtered  carbonate  of  sodium  solution  is 
acidulated  with  hydrochloric  acid,  and  the  precipitate  boiled 
with  milk  of  lime,  which  will  dissolve  any  anthraflavic  and  isoan- 
thraflavic  acids  with  red  color.'    On  filtering  and  acidulating  the 

^  The  so-called  soluble  alizarin  "  consists  of  sodium  boro-alizarate.  It  is  pre- 
pared by  dissolving  one  part  of  alizarin  and  two  parts  of  borax  in  boiling  water, 
and  evaporating  the  solution  to  dryness.  It  is  said  that  a  solution  of  soluble 
alizarin  in  distilled  water  gives  a  very  delicate  test  for  the  presence  of  lime  in 
water,  a  flocculent  precipitate  being  formed  with  the  merest  trace  of  calcium  salt. 

^  Both  these  bodies,  as  also  monohydroxyanthraquinone,  are  valueless  as  dyes. 
Their  presence  in  commercial  alizarin  may  be  detected  by  boiling  the  sample  with 
milk  of  lime  and  filtering,  when  a  yellow  or  brownish-red  solution  will  be 
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filtrate  these  impurities  will  be  repredipitated,  and  may  be 
collected,  washed,  and  weighed.  The  insoluble  lime-lake  is 
removed  from  the  filter  and  decomposed  by  agitation  with  dilute 
hydrochloric  acid,  and  the  separated  coloring  matter  washed  and 
weighed,  or  dissolved  in  ether  and  recovered  by  evaporating  the 


Figure  2. 


ethereal  solution.  The  residue  thus  obtained  will  contain  the 
alizarin  of  the  sample,  mixed  with  an  anthrapurpurin  or  flavo- 
purpurin  which  may  be  present.  According  to  S chunk  and 
Romer,  the  detection  and  approximate  determination  of  these 

obtained.  The  following  are  the  chief  differences  between  these  three  allied 
substances : — 


/5-MONOHYDROXY- 

ANTHRAQUINONE. 

Anthraflavic 
Acid. 

isoanthraflavic 
Acid. 

Action  of  heat. 

Sublimes,  without 
melting,  above  285°. 

Melts  above  330°,  and 
sublimes. 

Melts  above  300°, 
and  sublimes. 

Action  of  water. 

Easily  soluble;  insol- 
uble in  acidulated 
water. 

Insoluble. 

Insoluble. 

Action  of  aqueous 
alcohol. 

Separates  from  hot 
solution  in  yellow 
laminae  or  needles. 

Separates  from  solu- 
tion in  long,  anhy- 
drous, yellow  need- 
les or  laminae. 

Separates  from  solu- 
tion in  hydrated 
crystals. 

Action  of  hot.strong, 
sulphuric  acid. 

Forms  yellow  solution. 

Forms  deep  red 
solution. 

Action  of  cold  ba- 
ryta water. 

Soluble  with  reddish- 
yellow  color. 

Insoluble. 

Easily  soluble  with 
dark  red  color. 

Action  of  hot  lime 
water. 

Soluble  with  reddish- 
yellow  color. 

Slightly  soluble,  cold; 
nearly  insoluble, 
hot ;  solution  yel- 
lowish-red. 

Easily  soluble  with 
dark  red  color. 

ALIZARIN  PASTE. 


249 


three  bodies  in  admixture  can  readily  be  effected  as  follows:  The 
mixture  is  dried  at  100°  C,  and  then  placed  between  two  glass 
plates,  separated  from  each  other  by  a  leaden  ring  some  milli- 
metres in  thickness.  The  whole  is  heated  in  an  air-bath  to  130°- 
150°,  at  which  temperature  the  alizarin  alone  sublimes.  On  rais- 
ing the  temperature  to  170°,  a  crystalline  sublimate  of  mixed 
Jlavopurpurin  and  antlirapurpurin  is  obtained,  the  former  of  which 
assumes  the  shape  of  fine  reddish-yellow  needles,  while  the  latter 
sublimes  in  compact,  well-defined  rhombic  crystals.  A  separation 
of  the  two  isomers  may  be  effected  by  boiling  with  benzene,  in 
which  only  flavopurpurin  dissolves.* 

^For  the  analysis  of  alizarin  pastes  as  obtained  from  filter  presses,  the  per- 
centage of  moisture  is  determined  by  evaporating  a  weighed  sample  in  a  flat 
platinum  dish  at  100°.  After  weighing,  the  inorganic  matter  present  is  deter- 
mined by  incineration.  Usually  the  ash,  which  should  not  exceed  0.2  per  cent, 
in  a  20  per  cent,  paste,  consists  of  either  sodium  or  calcium  salts  but  sometimes 
lead  and  iron  are  also  present,  though  contamination  of  alizarin  with  iron  should 
be  carefully  avoided  if  in  dyeing  bright  shades  are  required.  The  tinctorial  pro- 
perties of  the  paste  are  then  compared  with  those  yielded  by  a  standard  sample  of 
known  strength  and  shade.  In  this  operation  a  special  five-striped  cotton  cloth  is 
best  employed,  the  mordants  on  which  consist  of  strong  and  weak  aluminium  and 
iron  salts  and  a  mixture  of  the  two  respectively.  Of  this,  10-in.  lengths  are  most 
suitable.  The  dye  vessels,  preferably  of  glass  or  porcelain,  and  of  about  600  c.c. 
capacity,  are  arranged  in  rows  in  a  suitable  copper  water-bath  heated  with  gas 
(see  figure  2).  Five  grms.  of  the  20  per  cent,  paste  under  examination  is  sus- 
pended in  a  litre  of  water  and  50-70  c.c.  of  this,  together  with  4  c.c.  of  a  1  per 
cent,  solution  of  calcium  acetate  are  added  to  500  c.c.  of  water  in  the  dye  vessel. 
The  temperature  is  gradually  raised  to  80°  during  one  hour,  the  heat  being  main- 
tained at  that  temperature  for  half  an  hour.  After  washing  in  cold  water,  the 
fents  are  well  beaten  with  a  wooden  mallet  and  again  rinsed,  the  treatment  being 
continued  until  the  loosely -adhering  particles  of  alizarin  are  almost  entirely  re- 
moved. This  is  followed  by  two  soaping  operations,  each  lasting  one  hour,  the 
first  at  60°  and  the  second  at  80°,  conducted  in  a  large  tinned  copper  vessel, 
which  contains  for  each  fent  a  solution  of  0.5  grm.  of  curd  soap  in  a  litre  of  water. 
The  patterns  after  washing  are  dried  at  the  ordinary  temperature.  Swatches  of 
turkey-red  cloth  are  very  frequently  dyed,  and  these,  after  the  ordinary  soaping, 
are  heated  under  pressure  with  soap  solution,  to  which  a  trace  of  stannous  chlo- 
ride has  been  added  to  give  them  a  more  brilliant  appearance. 

m-hydroxyanthraquinone  may  be  detected  by  treating  a  hot  alkaline  solutior. 
with  baryta  water  and  filtering  the  precipitate.  A  red  colored  filtrate  is  obtained 
which  on  acidification  deposits  a  yellow  precipitate. 

Anthra-  avd  i.^o-anlhraffavic  acids.  To  a  sample  of  the  paste  suspended  in 
boiling  water  barium  hydrate  is  added  and  the  barium  lake  filtered  off.  A  red 
colored  filtrate  giving  a  yellow  precipitate  on  neutralization  indicates  the  presence 
of  these  substances. — Per  kin  {Joiir.  Soc.  Dyer's,  etc.,  1897,  81). 
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Commercial  Name. 

Formula. 

Remarks. 

Alizarin  Yellow  0. 

r(l)OH 
^  g  1  2)0H 
'"^^M  (3)0H 

L(4)C0,CH3 

From  Pyrogallol, 

Alizarin  Yellow  A. 

.f(2)0H 

C6H5(1)C0(1)C6H2^  (3)0H 

From  Pyrogallol. 

Alizarin  V,  VI,  P,  No.  1, 
le. 

Alizarin  for  violet. 

C  jj  f  (2)00(2)  )p  jj  f(l)OH 
t  (3)00(3) ;         t  (6)0H 

From  anthraqulnone- 
monobulphonic  acid. 

Alizarin  RG,  GI,  SDG. 

X,  No.  10,  CA. 
Fla  vopurpurin . 

C,Hi|Pnc.H,{(«OH 
(^(3)00(3) )  ' 

From  a-anthraquinone- 
disulphonic  acid. 

Alizarin  SC,  SX,  GD, 
RX,  SC,   SX  extra, 
RF. 

Anthrapurpurin. 

U3)CO(3)  J          ^\  1^ 

From  /3-anthraquinone- 
disulphonic  acid. 

Alizarin  No.  6. 
Purpurin. 

C.H.{[^jg8l3!}c.H{|0H 

From  alizarin  by  oxi- 
dation. 

Alizarin  Orange  A,  OR, 
UGi  N,  AO,  AOr. 

C.   XT     f  (2)00(2))^  TliiJffiS 

CeH4|;3jcol3)jC6H|(5)NO, 

From  nitrated  alizarin. 

Anthracene  Brown  R,  G. 
Alizarin  Brown. 
Anthrogallol. 

o  TT   ((2)00(2)1     TT  f!J)S§ 

CsH.jycolsil^^^tSeloH 

From  gallic  acid. 

Galloflavin, 

CiaHeOg  (constitution  not  known). 

From  gallic  acid. 

Alizarin  Black  S,  SW. 
Alizarin  Blue-Black  SW. 
Naphthazariu  S. 

|(1,0 

CioH4^  (4)0  -t-NaHSOa 
1  (7)0H 
L(8)0H 

From  dinitronaphtha- 
lene. 

Alizarin  Blue. 
Alizarin  Blue  R,  GW, 

A,  DNW,  F,  R,  RR, 

AB. 

r(i)OH 

r>  TT   f  (2)00(2)         \r)\^  nxT 
Co^n  (3)00(3) 

|.(5)N=  CH 

From  /^-nitroalizarin. 

Alizarin  Yellow. 

C14II10G10 

From  ellagic  acid. 
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Character 
OF  Dyestuff. 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  Acid. 

Other  Charac- 
teristics. 

With 
Caustic 
Soda. 

With  Hy- 
drochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilu- 
tion with 
Water. 

Yellow  paste; 
yellow  solu- 
tion. 

Brown. 

Yellow. 

Soluble  in  alco- 
hol. 

Yellow  paste; 
yellow  solu- 
tion. 

Deeper 
yellow. 

No  change. 

Yellow. 

White  ppt. 

YelloAv  paste; 
insoluble  in 
cold  water; 
slightly  sol- 
uble in  hot 
water. 

Violet. 

No  change. 

Orange. 

Orange 
ppt. 

On   cotton  mor- 
danted : 
Al-red. 
Fe — violet. 
Cr— brown. 

YelloAv  paste; 
slightly  sol- 
uble in  boil- 
ing water. 

Violet. 

Brown. 

Orange 
ppt. 

Al— red. 

Soluble  in  alco- 
hol. 

With  ammonia 
brown  solution. 

Yellow  paste; 
slightly  sol- 
uble in  boil- 
ing water. 

Violet. 

Red. 

Orange 
ppt. 

Al-red. 

With  ammonia 
violet  solution. 

Brown  paste; 
slightly  sol- 
uble in  hot 
water. 

Magenta- 

Orange. 

Brown 
ppt. 

Soluble  in  alco- 
hol. 
Al — red. 
Fe— purple. 
Cr— brown. 

BroAvn  paste; 
insoluble  in 
hot  or  cold 
water. 

Magenta- 

vprl  <irvlii- 

tion. 

Yellow. 

Yellow 
ppt. 

Soluble  in  acetic 

acid. 
Al— orange. 
Fe— red-violet. 
Cr— red-broAvn. 

Brown  paste; 
insoluble  in 
water. 

Greenish- 
solution. 

No  change. 

Brown. 

Brown 
ppt. 

Soluble  in  alco- 
hol. 
Cr— brown. 

Yellow  paste; 
insoluble  in 
water. 

Yellowish- 
brown 
solution. 

No  change. 

Orange. 

Gray  ppt. 

Cr— greenish  -  yel- 

lOAV, 

Slightly  soluble 
in  boiling  alco- 
hol. 

Black  paste;  sol- 
uble in  hot 
water. 

Blue. 

Brownish- 
red. 

Yellow;  on 
heating 

rprl  CIO 

evolved. 

Black  ppt. 

Soluble  in  alco- 
hol. 
Cr — black. 

Blue  crystals; 
insoluble  in 
water. 

Green  in 
alcohol 
solution. 

Orange  in 
alcohol  so- 
lution. 

Carmine- 
red. 

Orange, 

Al— bluish-violet. 
Fc  —  green ish- 

blue. 
Cr— India-blue. 
Soluble  in  alcohol. 

Brown  paste; 
insoluble  in 
water. 

Brown 
solution. 

Brown. 

Ellagic 
acid  ppt. 

Slightly  soluble 
in  alcohol. 
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Commercial 
Name. 

Formula. 

Remarks. 

Anthracene 
Yellow. 

r(i)OH 

(2)  0  CO 

(3)  C(CH3)=CH 

(4)  Br 

(5)  Br 

(6)  0H 

From  Fyrogallol. 

Alizarin  Bor- 
aeaux  i>,  xJJJ, 
G,  GG. 

r(l)OH 

p  rr      (2)00(2))^  jj  f(l)OH 
^^^^]  (3)C0(3)i  '-6^2|(6)OH 
l(4)0H 

Oxidation  of 
alizarin. 

Alizarin  Cyanin 
R. 

[(l)OH^-*  ^^6)0H 

Oxidation  of 
alizarin  bor- 
deaux. 

Alizarin  Cyanin 
G. 

Treatment  of 
preceding  w  ith 
air  and  ammo- 
nia. 

Alizarin  Red  S. 

Alizarin  Car- 
mine. 

Alizarin  WS,  W, 
SA. 

From  alizarin 
with  concen- 
tratea  M2teU4. 

Alizarin 
Maroon. 

r(i)OH 

p  ^  f  (2)CO(2))  p  J  (4)0H 
^«^4(3)CO(3;;^n  (5)NH, 
L(6)0H 

From  nitroaliz- 
arin. 

Alizarin  Blue  S. 
Alizarin  Blue 

Soluble  Pow- 

aer  aos. 
Anthracene 

Blue  S. 

^(3)c{g^^Na}(3)i  ^CH=CH 

From  alizarin 
blue. 

Alizarin  Indigo 

JjlUC  o. 

H0(1))  r(2)c| 

H0(4)  [cJ  \ 
H0(6))  i(3)C| 

S03Na|(2)K  /N==CH 
go%a|(3)r''"'^Cn4H 

From  alizarin 
green. 

Alizarin  Green 
s. 

HO(l)")  ((2)C 

[s03Na}(3)i  ^CH=CH 

From  alizarin 
blue. 

Rufigallol. 

H0(1)) 
H0(4)  VCeH 
H0(5)j 

f(2)C0(2y)p  niS^ioH 

i(3)CO(3)|C«H|ggg 

From  gallic  acid. 

Fast  Black  B. 

Not  determined. 

From  dinitro- 
naphthalin. 

Fast  Black  BS. 

Not  determined. 

From  fast  black 
B. 
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Character  of 
Dyestuff. 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  Acid. 

Other  Charac- 
teristics. 

With 
Caustic 
Soda, 

With  Hy- 
drochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilution 
with  Water. 

White  paste; 
slightly  sol- 
uble in  water. 

Brown  solu- 
tion repp, 
by  acids. 

Brown. 

Red  paste;  in- 
soluble. 

Violet  solu- 
tion. 

Violet. 

Red  ppt. 

Al— bordeaux. 
Cr— violet-blue. 

Brown  paste; 
insoluble. 

Blue  solu- 
tion. 

Blue  solu- 
tion. 

Al— violet. 
Cr— blue. 

Black  paste;  in- 
soluble. 

Greenish - 
blue  solu- 
tion. 

Red. 

Soluble  iu  alco- 
hol. 
Al— blue. 
Cr— bluish-green . 

Orange  powder; 
orange  solu- 
tion. 

Violet. 

Yellow. 

Orange. 

Yellow. 

Soluble  in  alco- 
hol. 
Al— scarlet. 
Cr— bordeaux. 

Violet  paste;  in- 
soluble. 

■  tion. 

No  ctiB'ng'G. 

Red. 

Al — garnet. 

Brown  powder; 
brown  solu- 
tion. 

Violet. 

Blue  ppt. 
on  iDoil" 
ing. 

Yd  low 

Thrown  vwif 

Cr— blue. 

Dark  brown 
paste;  red  so- 
lution. 

Blue. 

Cr— indigo-blue. 

Dark  brown 
paste;  soluble 
in  cold  water. 

Violet. 

Cr— bluish-green. 

Red  powder; 
insoluble  in 

Blue  solu- 
tion. 

No  change. 

Red. 

Cr— brown. 

Dark  blue  paste; 
insoluble  in 
water. 

Violet  solu- 
tion in  hot 
NaOH. 

Green. 

Direct  dye  for  cot- 
ton. 

Black  paste; 
violet  solu- 
tion. 

Green. 

Soluble  in  alco- 
hol. 

Dyes    cotton  in 
cold  bath. 
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1 
1 

j  (Commercial 

1 

! 

Formula. 

Remarks. 

Alizarin  Garnet  R. 
Alizarin  Cardinal. 

^  f(2)C0(2) 

[Cenj 

moH 

(6)0H 
(4)NH, 

From  benzoylaliz- 
arin. 

Alizarin  Orange  G. 

H0(5)C,H3{||jgg[^)|c^g||g| 

From  flavopurpurin. 

Alizarin  Black  P, 

H0(5)C6H3 

f(2)C0(2)] 
l(3)CO(3)] 

.N=  CH 
Ce(OH)  /  1 

^CH=CH 

From  amidoflavo- 
purpurin. 

Alizarin  Black  S. 

Not  determined. 

From  alizarin  black 
P. 

Anthracene  Blue 
WR. 

H0(1)) 
H0(4)  k 
H0(6)j 

jjf(2)C0(2)|^  nim^oH 

«^l(3)CO{3)|^e^|j^)OH 

From  dinitroanthra- 
quinoue. 

Anthracene  Blue 
WG. 

Not  determined. 

From  dinitroanthra- 
quinone. 

Anthracene  Blue 
WB. 

Not  determined. 

From  dinitroantlira- 
quinone. 

Acid  Alizarin  Blue 
BB,  GR. 

S03Na(6)1 
H0(1) 
H0(4) 
HO  (5)  J 

^  f(2)CO(2))p  . 
^n(3)CO(3);^« 

r(i)OH 

(4  OH 
(6)0H 
.(5)S03Na 

Acid  Alizarin  Green 
B,  G. 

SH(1)] 
H0(4) 
H0(6) 
S03Na(5) 

■^«{(3)CO(3)}<^«- 

74)SH 

(1)0H 

(5)0H 
L  (6)S03Na 
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Character  of 
Dyestuff. 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  Acid. 

Other  Char- 
acteristics. 

With 
Caustic 
Soda. 

With  Hy. 
drochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilution 
with  Water. 

Red  paste;  in- 
soluble in 
water. 

Red  solu- 
tion. 

Brown. 

Brown. 

Red  ppt. 
Orange  ppt. 

Soluble  in  alco- 
hol. 

Al— bluish-red. 

Orange  paste; 
insoluble  in 
water. 

Violet. 

Brighter. 

Orange. 

Soluble  in  alco- 
hol. 
Al— orange. 

Black  paste;  in- 
soluble  in 
water. 

Green. 

Brown. 

Brown. 

Brown  ppt. 

Soluble  in  alco- 
hol. 

Cr— violet-gray. 

Dark  brown 
paste  ;  brown 
solution. 

Violet. 

Black  ppt. 

Brown. 

Brown  ppt. 

Cr— gray. 

Brown  paste; 
insoluble. 

Blue. 

Violet. 

Soluble  in  alco- 
hol. 
Al— violet. 

Dark  blue  paste; 
violet  solu- 
tion in  hot 
water. 

Green. 

Brown. 

Al— blue. 

Dark  blue  paste; 
insoluble  in 
water. 





Al  —  greenish- 
blue. 

Red  crystals; 
red  solution. 

Violet. 

No  change. 

Violet. 

Red. 

Acid  dye  for  wool. 

Dark  red  crys- 
tals;  green 
solution. 

Violet. 

Violet. 

Blue. 

Violet. 

Acid  dye  for  wool. 
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The  foregoing  table  shows  the  characters  of  the  different  varieties 
of  alizarin  and  analogous  coloring  matters  met  with  in  commerce 
in  the  form  of  paste. 

Artificial  alizarin  does  not  contain  purpurin,  but  in  the  natural 
product  from  madder  more  or  less  purpurin  is  usually  present. 

In  forming  an  opinion  on  the  quality  of  commercial  alizarin,  the 
performance  of  a  minature  dye-test  is  very  useful,  and  is  best  con- 
ducted as  follows :  A  piece  of  white  calico,  some  feet  in  length  and 
four  inches  wide,  is  boiled  in  water  containing  a  little  caustic  soda, 
to  remove  any  stiffening  agents.  After  being  thoroughly  washed, 
it  is  immersed  in  a  solution  of  aluminium  acetate  ( ' '  red  liquor ' ' ) 
of  known  measure  and  strength,  the  time  of  immersion  and  the 
temperature  being  duly  noted.  The  calico  is  then  removed,  wrung 
out,  and  torn  into  a  number  of  strips  three  inches  wide,  which  are 
hung  on  a  string  to  drain.  0.5  gramme  of  each  sample  of  alizarin 
paste  to  be  tested  is  then  weighed  out,  and  put  into  a  correspond- 
ing number  of  wide-mouthed  flasks  or  wide  beakers  of  similar  size 
arranged  in  a  capacious  water-bath.^  1  litre  of  water  at  40°  C.  is 
then  poured  into  each,  and  the  liquid  well  agitated  to  facilitate  the 
solution  of  the  alizarin.  A  strip  of  the  previously  mordanted 
calico  is  then  immersed  in  the  contents  of  each  vessel,  care  being 
taken  that  it  is  suspended  freely  so  that  all  parts  are  in  contact 
with  the  liquid.    This  is  best  done  by  attaching  it  to  a  thread  tied 

^  A  very  convenient  apparatus  for  the  dyeing  of  small  samples  consists  in  an 
agate  enamelled  cup  which  may  be  heated  directly  over  a  small  Fletcher  burner. 


Figure  3. 

Either  a  litre  or  a  half  litre  cup  may  be  employed.  Two  stirring  rods  of  glass 
may  be  used  for  the  purpose  of  working  the  material  (either  yarn  or  cloth)  in  the 
bath  (see  figure  3). 
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to  a  glass  rod  placed  across  the  mouth  of  the  flask  or  beaker.  The 
temperature  of  the  bath  is  then  gradually  raised,  so  that  it  may 
reach  75°  in  about  an  hour  and  a  half  from  the  immersion  of  the 
cloth,  after  which  the  temperature  is  increased  to  about  90°  C.  for 
half  an  hour  longer.  The  strips  of  calico  are  now  withdrawn, 
rinsed  in  cold  water,  and  dried.  Each  strip  should  then  be  cut 
into  two  equal  portions,  one  of  which  is  preserved  between  the 
leaves  of  a  book  or  in  other  situation  away  from  the  light,  while 
others  are  steeped  for  half  an  hour  at  about  40°-42°  C.  in  one  litre 
of  water  containing  2  grammes  of  white  curd  soap.^  The  strips 
are  then  taken  out,  rinsed  in  cold  water,  and  put  into  another  bath 
made  with  the  same  quantities  of  soap  and  water,  with  the  addi- 
tion of  0.6  gramme  of  stannous  chloride  ("tin  crystals"),  which 
is  allowed  to  boil  for  thirty  minutes.  The  strips  are  then  removed, 
well  rinsed,  dried,  and  preserved  in  the  dark. 

Instead  of  relying  on  the  behavior  of  the  dye-stuff  with  a 
single  mordant,  it  is  preferable  to  use  a  piece  of  cloth  printed  in 
five  or  six  parallel  lines  with,  e.  g.  (a)  strong  solution  of  alumi- 
nium acetate;  (6)  weak  aluminium  acetate;  (c)  strong  iron  acetate; 
(d)  weak  iron  acetate;  (e)  mixture  of  strong  solutions  of  alumi- 
nium and  iron  acetates;  (/)  mixture  of  weak  solutions  of 
aluminium  and  iron  acetates.*^ 

The  shades  dyed  by  commercial  alizarin  depend  much  on  the 
composition  of  the  coloring  matter.  Thus  the  variety  giving  blue 
shades  (e.  g.,  ^'alizarin  V,  or  extreme  blue  shade")  consists 
chiefly  of  real  alizarin.  In  dyeing,  it  yields  with  alumina 
mordant  a  bluish  but  not  very  brilliant  shade  of  red;  but  with  a 
small  proportion  of  mordant  very  beautiful  shades  of  pink  can  be 
obtained.  When  mordanted  with  iron,  it  is  used  for  dyeing  and 
printing  fast  violets.  The  yellow  shades  of  commercial  alizarin 
(e.  g.,  alizarin  GS)  contain  a  large  percentage  of  anthrapur- 
purin  and  flavopurpurin,  and  but  little  real  alizarin. 
Anthrapurpurin  yields  an  almost  neutral  red  with  alumina  mor. 
dants;  but  flavopurpurin  gives  a  fiery  red  containing  a  considerable 
proportion  of  yellow,  and  hence  the  larger  the  proportion  of  flavo- 

*In  some  cases,  as  in  the  assay  of  reds,  it  is  desirable  to  precede  the  soap  treat- 
ment by  an  oil  process.  This  consists  of  immersing  the  fabric  in  a  5  per  cent, 
solution  of  turkey-red  oil,  again  drying  the  cloth,  and  then  exposing  it  to  open 
steam  in  a  suitable  box  for  one  hour. 

'^Pieces  of  cloth  printed  in  the  manner  recommended,  or  any  other  which  may 
be  desired,  can  be  obtained  by  order  from  many  calico-printers. 
17 
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purpurin  the  yellower  the  shade.  Iron  mordants  give  with  anthra- 
purpurin  and  flavopurpurin  violets  of  little  or  no  practical  value. 
Purpurin  does  not  occur  in  artificial  alizarin,  but  w^as  a  very 
common  constituent  of  the  dye  from  madder,  which  fact  w^as  the 
chief  reason  of  the  different  shades  produced  by  natural  and  arti- 
ficial alizarin. 

Detection  of  Alizarin  and  its  Allies  on  the  Fibre. 

Alizarin  and  other  allied  coloring  matters  are  applied  in  so 
many  ways,  and  with  such  a  variety  of  mordants,  that  it  is  not 
possible  to  describe  the  method  of  dyeing  shortly.  As  the  use  of  a 
mordant  is  essential,  they  are  not  so  suitable  for  silk  as  the  sub- 
stantive coal-tar  dyes.  Alizarin  is  now  used  in  wool-dyeing,  not 
merely  as  a  bottoming  color  for  indigo,  etc.,  but  as  a  self-color 
with  mordants.  Thus  when  mordanted  with  alum  and  tartar  it 
gives  fine  reds  and  scarlets;  with  stannous  chloride,  orange  shades; 
with  potassium  bichromate,  rich  claret-broAvns;  with  ferrous  sul- 
phate, shades  ranging  from  bluish-violet,  to  black;  wdth  ammonio-. 
sulphate  of  nickel,  gray;  and  with  uranium  acetate,  slate-blue 
shades.    These  colors  are  fast  to  light  and  air,  and  resist  milling. 

The  mordants  used  in  dyeing  cotton  with  alizarin  are  various 
compounds  of  calcium,  aluminium,  iron,  chromium  and  tin,  be- 
sides tannic  acid  and  oils.  Turkey-redj  one  of  the  fastest  and  most 
perfect  of  the  alizarin  styles,  is  dyed  by  a  complicated  series  of 
operations,  in  which  the  formation  of  a  compound  of  alumina  with 
alizarin  and  a  fatty  acid  is  an  essential  step.  The  method  of 
operating  is  substantially  that  emplo3^ed  in  the  process  of  assay 
described  on  page  249.  Treatment  with  ether  changes  cloth  dyed 
turkey -red  to  a  dull  cherry-red  color,  and  on  evaporating  the 
ethereal  solution  a  brilliant  scarlet  fat  is  left.  This  dissolves  in 
hot  caustic  soda  wdth  purplish-blue  color,  and  on  adding  hydro- 
chloric acid  alizarin  is  precipitated  in  orange  flakes.  Alizarin  violet 
may  be  obtained  in  a  similar  manner  to  turkey-red,  the  blue  shade 
of  alizarin  being  used  for  its  production.  Other  violets  are  ob- 
tained by  the  use  of  an  iron  mordant. 

Turkey-red  is  but  little  affected  by  a  dilute  solution  of  bleaching 
powder  if  free  acid  be  absent,  but  the  other  alizarin  colors  are 
gradually  bleached. 

Alizarin  is  not  affected  by  potassium  bichromate,  but  free 
chromic  acid  destroys  it.  Dilute  solutions  of  permanganate  (1  per 
cent. )  and  alkaline  solutions  of  ferricyanides  are  without  effect  on 


CHRYSOrHANIC  ACID. 


259 


colors  produced  by  artificial  alizarin,  but  purpurin  is  easily  oxi- 
dized. The  last  reagent  especially  is  of  value  for  distinguishing 
colors  produced  by  artificial  alizarin  from  those  produced  by 
madder,  as  the  latter  always  contains  purpurin.  Madder-dyed 
fibres  are  also  distinguished  by  boiling  them  with  a  strong  solution 
of  alum,  when  the  purpurin  is  dissolved  with  formation  of  a 
reddish-yellow  liquid,  which  exhibits  a  strong  greenish -yellow 
fluorescence  and  characteristic  absorption-bands  (page  243). 

On  exposure  to  nitrous  fumes,  cloth  dyed  with  alizarin-red  be- 
comes orange,  from  formation  of  nitro-alizarin. 

Fibres  dyed  with  alizarin  are  but  little  affected  when  boiled  with 
ammonia  or  caustic  soda  solution  of  moderate  strength.  Alizarin 
red  is  turned  to  violet  when  boiled  with  baryta  water.  Dilute 
acids  are  almost  without  action.  Concentrated  hydrochloric  acid 
decomposes  the  color  lakes,  and  partially  or  completely  removes 
the  metallic  oxides.  The  violets  are  more  readily  affected  than 
the  reds,  and  of  the  latter  turkey-red  offers  the  greatest  resistance. 

Cold  concentrated  sulphuric  acid  dissolves  the  fibre  of  cotton  as 
well  as  the  coloring  matter.  On  diluting  the  solution  with  water, 
the  alizarin,  etc.,  will  be  thrown  down  as  a  flocculent  precipitate, 
which  may  be  dissolved  by  agitation  with  ether.  The  separated 
ethereal  solution  on  evaporation  will  leave  a  residue,  in  which 
alizarin  and  its  associates  may  be  recognized  by  their  appearance 
on  sublimation,  the  color  and  absorption-spectra  of  their  alkaline 
solutions,  etc. 

Fabrics  dyed  with  alizarin  are  decolorized  when  boiled  with  a 
mixture  of  two  parts  of  alcohol  and  one  of  strong  hydrochloric 
acid.  This  reaction  distinguishes  alizarin  black  from  aniline  black, 
which  latter  color  is  unaffectejl,  or  merely  turned  greenish,  by 
similar  treatment.  Logwood  blacks,  on  the  other  hand,  are  de- 
stroyed even  by  dilute  acids,  which  acquire  a  red  color.  ^ 

Strong  acid  oxidizing  agents,  such  as  nitric  acid  and  ferric 
chloride,  destroj'  alizarin  colors. 

Chrysophanic  Acid.  C,,H,oO,  =  Ci,H5(CH3)(OH),02-  This 
substance,  the  nature  of  which  was  formerly  misunderstood,  is  now 

^  To  distinguish  alizarin  black  from  other  blacks  on  wool,  apply  to  the  cloth  a 
few  drops  of  hydrochloric  acid  and  let  it  stand  for  ten  minutes  ;  if  a  red  color 
appears  it  is  not  alizarin  black.  If  no  change  is  observed  add  a  few  more  drops 
of  acid  and  sprinkle  it  over  with  a  little  stannous  chloride ;  after  half  an  hour 
wash  in  cold  water  .;  if  there  is  any  alteration  in  the  color  it  is  not  alizarin  black. 
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recognized  as  a  dihydroxy-methyl-anthraquinone,  being  homo- 
logous with  chrysazin  (page  234). 

Chrysophanic  acid  occurs  ready-formed  in  rhubarb  root,  senna 
leaves,  the  wall  lichen  (Parmelia  parietina),  and  some  other  plants, 
or,  at  any  rate,  is  readily  produced  by  the  oxidation  of  a  substance 
pre-existing  in  these  plants.  This  substance  has  the  formula 
CgoHggO^,  and  is  called  chrysophan  or  chrysarobin, 
chrysophanic  acid  being  a  product  of  its  oxidation,  CgoHggO^  +  C)^  = 
^OigHjoO^  4-  SHjO.  Many  of  the  statements  made  as  to  the  occur- 
rence and  properties  of  chrysophanic  acid  really  apply  to  chry- 
sarobin. 

The  best  source  of  chrysophanic  acid  is  the  commercial  product 
known  as  chrysarobin,^  or  Goa  powder,^  which  consists  of  the 
medullary  matters  of  the  stem  and  branches  of  Andira  araroba,  a 
plant  growing  in  the  neighborhood  of  Bahia.  The  Goa  powder  is 
exhausted  by  boiling  benzene  or  petroleum  spirit,  conveniently  in 
a  Soxhlet-tube.  The  filtered  liquid,  after  concentration  if  neces- 
sary, deposits  on  cooling  pale  yellow,  warty  crystals.  These  may 
be  purified  by  repeated  crystallization  from  glacial  acetic  acid, 
when  the  substance  is  obtained  in  small  yellow  laminae. 

Pure  chrysophanic  acid  may  be  prepared  from  the  chrysophan 
or  chrysarobin  obtained  as  above  by  pouring  a  somewhat  dilute 
solution  of  caustic  alkali  over  the  substance  contained  in  a  large 
retort,  and  then  passing  a  current  of  air  over  the  surface  of  the 
liquid  (Liebermann  and  S  e  i  d  1  e  r,  Pharrn,  Jour.  [3] ,  ix. 
897).  The  retort  is  agitated  so  as  to  renew  the  surface,  and  the 
operation  continued  until  the  chrysarobin  is  dissolved,  and  the 

^The  German  Pharmacopoeia  (1890)  indicates  as  chrysarobin  a  body  with  the 
following  characters: — A  crystalline  powder,  yellow  and  very  light;  boiled  with 
2,000  parts  of  water,  it  does  not  dissolve  completely,  but  gives  a  yellowish  solution, 
giving  no  reaction  with  litmus  or  ferric  chloride.  Solution  of  ammonia  in  con- 
tact with  chrysarobin  for  a  few  days  becomes  of  a  carmine  color.  One  milli- 
gramme of  the  substance  treated  with  a  drop  of  fuming  HNO3  gives  a  red  color, 
becoming  violet  with  ammonia.  It  dissolves  in  150  parts  of  boiling  alcohol,  in 
warm  chloroform  and  in  CS.,.  Chrysophanic  acid,  when  pure,  on  the  other  hand, 
occurs  in  yellow  clinorhombic  prisms,  melting  at  162°,  insoluble  in  water,  soluble 
in  224  parts  of  boiling  alcohol.  A  characteristic  reaction  is  the  addition  of  a  few 
drops  of  H2SO4  when  a  red  tint  is  found,  which  turns  blue  on  the  addition  of 
KOH. 

^  In  the  British  Pharmacopoeia  of  1885  the  natural  product  Goa  powder  is  con- 
founded with  the  crystalline  principle  extracted  therefrom  by  solvents,  "  chrysaro^ 
binum"  being  described  as  "medullary  matter,"  and  at  the  same  time  "minutely 
crystalline." 
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solution  has  acquired  uniformly  the  red  color  characteristic  of  an 
alkaline  solution  of  chrysophanic  acid.  The  liquid  is  then  treated 
by  an  acid,  and  the  precipitate  washed,  dried,  and  exhausted  with 
petroleum  spirit  (not  benzene)  in  a  Soxhlet-tube.  On  cooling,  the 
chrysophanic  acid  is  obtained  in  beautiful  yellow  laminae. 

The  following  are  the  chief  differences  between  chrysarobin  and 
chrysophanic  acid: — 


Chrysarobin. 

Chrysophanic  Acid, 

Action  of  ammonia. 

Insoluble. 

Soluble  with  red  color. 

Action  of  very  dilute  caustic 
'     potash  solution. 

1 

Undissolved  at  first.  On  agita- 
tion with  air,  dissolves  with 
red  color. 

Soluble  with  red  color. 

Action  of  strong  caustic  pot- 
ash solution. 

Soluble  with  yellow  color  and 
strong  green  fluorescence.  On 
exposure  to  air,  color  changes 
rapidly  to  red. 

Soluble  with  red  color. 

Action  of  fusing  caustic  pot- 
ash. 

Brown  coloration. 

Blue  coloration. 

Action  of  concentrated  sul- 
phuric acid. 

Soluble  with  yellow  color. 

Soluble  with  red  color. 

The  chrysophanic  acid  of  commerce  consists  of  an  indefinite 
mixture  of  chrysophan  or  chrysarobin  with  the  true  chrysophanic 
acid  which  is  the  product  of  its  oxidation.' 

According  to  J.  A  g  e  m  a,  commercial  chrysophanic  acid  may  be 
purified  by  dissolving  it  in  chloroform  and  adding  an  equal  volume 
of  rectified  spirit,  when  the  pure  acid  only  is  precipitated. 

Chrysophanic  acid  crystallizes  in  golden  yellow  scales  or  prisms. 
It  melts  at  178°  C,  and  sublimes  at  a  higher  temperature  with 
partial  decomposition.  Exposure  to  a  temperature  of  195°  con- 
verts chrysophanic  acid  into  a  body  allied  to  purpurin,  which 
colors  alum  mordants  pomegranate-red  and  iron  mordants  a  light 
greenish- blue.  It  is  nearly  insoluble  in  water,  but  dissolves 
sparingly  in  hot  alcohol  (1  in  224),  the  greater  part  separating  on 
cooling.  Chrysophanic  acid  is  also  readily  soluble  in  ether,  chloro- 
form, benzene,  petroleum  spirit,  amylic  alcohol,  and  glacial  acetic 
acid,  the  solutions  being  yellow  or  brownish-yellow. 

^  A  great  deal  of  the  chrysophanic  acid  of  commerce  is  chrysarobin,  with  very 
small  quantities  of  chrysophanic  acid.  The  pure  acid  melts  at  178°  C,  and  forms 
small  leaflets,  of  the  formula  CigHjoO^.  It  is  not  hygroscopic,  and  dissolves  in 
strong  sulphuric  acid,  with  a  deep  red  color.  When  heated  with  hydriodic  acid, 
a  body,  termed  chrysophanhydranthone,  C15H12O3  is  formed,  crystallizing  from 
alcohol  in  yellow  leaflets. 
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When  treated  with  a  solution  of  canstic  alkali  or  ammonia, 
chrysophanic  acid  dissolves  readily,  forming  a  liquid  which  is 
pink  when  very  dilute,  and  dark  purplish-red  in  a  more  concen- 
trated state.  The  chrysophanic  acid  is  precipitated  in  yellow 
flakes  on  neutralizing  the  alkaline  liquid.  A  very  small  quantity 
of  alkali  suffices  for  the  .production  of  the  red  color.  If  the  red 
solution  of  chrysophanic  acid  in  caustic  alkali  be  evaporated  to 
dryness,  it  turns  violet  and  blue  during  the  operation.  The  films 
deposited  on  the  sides  of  the  vessel  especially  exhibit  this  change 
of  color. 

If  a  solution  of  chrysophanic  acid  in  ether,  chloroform,  benzene, 
amylic  alcohol,  or  petroleum  spirit  be  shaken  with  solution  of 
soda,  the  coloring  matter  passes  completely  or  partially  into  the 
aqueous  hquid,  which  it  colors  pink  or  crimson.  Ammonia  gives 
the  same  reaction  as  soda  with  a  solution  of  chrysophanic  acid  in 
ether  or  petroleum  spirit,  but  does  not  readily  extract  the  coloring 
matter  from  its  solution  in  chloroform  or  benzene. 

The  acid  characters  of  chrysophanic  acid  are  but  feebly  marked. 
It  forms  unstable  barium  and  lead  salts,  which  are  decomposed 
even  by  carbonic  acid.  An  ammoniacal  solution  of  chrysophanic 
acid  is  precipitated  lilac  by  acetate  of  lead  and  rose-color  by  alum. 

Chrysophanic  acid  is  not  acted  on  by  dilute  nitric  acid,  but  the 
strong  acid  converts  it  into  tetranitro-chrysophanic 
acid^  Cj5Hg(N02)404,  a  body  homologous  with  chrysamic 
acid,  obtained  by  the  action  of  nitric  acid  on  aloes  or  chrysazin. 

When  heated  with  acetic  anhydride  and  acetate  of  sodium, 
chrysophanic  acid  yields  a  diacetyl-derivative. 

M^hen  heated  with  zinc-dust,  chrysophanic  acid  is  reduced  to 
methyl-anthracene,  CijH^q,  just  as  alizarin  and  chrysazin 
yield  anthracene,  Cj^Hg,  when  similarly  treated. 

Chrysophanic  acid  possesses  decided  antiseptic  properties,  and 
has  proved  of  service  in  the  treatment  of  certain  forms  of  skin- 
disease.  It  is  said  to  be  somewhat  uncertain  in  its  action,  a  fact 
which  is  not  improbably  due  to  an  admixture  of  chrysarobin,  to 
the  deoxidizing  action*  of  which  impurity  it  has  been  suggested  that 
the  chrysophanic  acid  of  commerce  owes  its  chief  value.  ^ 

'Working  on  this  idea,  Liehormann  {Pharm.  Jour.  [3],  xviii.  741,  780)  has 
attempted  to  reduce  chrysophanic  acid  to  clirysarobin  by  treatment  with  zinc- 
dust  and  ammonia,  lie  obtained  instead  a  Icnco-derivadve,  the  lower  homoloi^ue 
of  whicli,  pre])ared  from  alizarin  and  purpurin  in  a  similar  manner,  is  now  com- 
mercially known  as  a  n  t  h  r  a  r  o  b  i  n  ( page  237). 
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Chrysophanic  acid  is  said  to  produce  purplish-brown  stains  on 
linen  or  cotton,  which  are  only  removable  with  difficulty,  i^yo- 
longed  immersion  of  the  fabric  in  a  solution  of  bleaching-powder 
being  the  best  mode  of  treatment.  The  author  has  not  succeeded 
in  producing  these  stains  except  in  the  presence  of  an  alkali.  A 
solution  of  chrysophanic  acid  in  alcohol,  acetic  acid,  or  petroleum 
spirit  merely  colors  linen  a  light  yellow  color.  On  washing  the 
stained  fabric  with  soap,  the  purplish-brown  stain  is  readily 
developed.  ^ 

An  aqueous  or  alcohohc  solution  of  chrysophanic  acid  does  not 
dye  silk  or  wool  yellow. 

Chrysophanic  acid  is  said  to  be  hable  to  adulteration  with  picric 
acid  and  other  yellow  coloring  matters.  Inorganic  admixtures 
may  be  detected  by  igniting  a  portion  of  the  sample.  Picric  acid, 
if  present,  would  be  detected  by  the  yellow  coloration  the  sample 
imparts  to  cold  water;  by  the  yellow  crystalhne  precipitate  pro- 
duced on  adding  potassium  carbonate  to  the  alcohohc  solution  of 
the  sample;  and  by  immersing  a  piece  of  white  wool  in  the  hot 
aqueous  solution,  which,  in  presence  of  picric  acid'J  will  be  dyed 
yellow.  Aurin  or  rosolic  acid  might  be  detected  in  chrysophanic 
acid  by  treating  the  sample  with  chloroform  or  benzene,  which 
would  dissolve  the  chrysophanic  acid  without  affecting  the  admix- 
ture. 

The  extraction  of  the  chrysarobin  or  chrysophanic  acid  present 
in  plant-products  may  be  effected  by  treating  the  powdered  sub- 
stance with  the  ether,  benzene,  or  petroleum  spirit,  in  the  manner 
already  described.  Goa  pow^der  yields  from  70  to  80  per  cent,  of 
the  active  principle,  while  the  proportion  of  chrysophanic  acid 
contained  in  rhubarb  is  but  small.  According  to  Dragendorff, 
the  presence  of  chrysophanic  acid  in  a  condition  (free)  extractable 
by  cold  petroleum  spirit  is  a  test  of  the  quality  of  rhubarb.  Good 
rhubarb  yields  a  colorless  extract  even  when  left  for  several  days 
in  contact  with  petroleum  spirit,  while  a  rhapontic  rhubarb  yields 
an  intensely  yellow  extract.  According  to  Rochleder  ( Chem. 
News,  XX.  78),  the  acid  from  rhubarb  generally  contains  em o din, 
CjgHjoOg.  This  body  has  the  constitution  of  a  tri-hydroxymethyl- 
anthraquinone,  and  hence  is  homologous  wdth  purpurin.  It  occurs 
to  a  notable  extent  in  the  bark  of  Rhamnus  frangula,  and  may  be 

*  Evidently,  the  production  of  chrysophanic  acid  stains  on  linen  may  be  avoided 
by  dissolving  out  the  coloring  matter  and  grease  with  benzene. 
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separated  from  chrysophanic  acid  by  means  of  sodium  carbonate, 
which  dissolves  the  emodin  only,  with  blood-red  coloration.  It 
forms  long,  brittle,  monoclinic  prisms,  melting  at  245°-250°, 
and  is  converted  into  methyl-anthracene  by  heating  with  zinc- 
dust. 

A  body  having  considerable  analogy  to  chrysophanic  acid  occurs 
in  the  root  of  the  Mexican  plant  Trixis  pipitzahuac  or  Perezia  fruc- 
iicosa.  This  substance,  which  has  been  named  pipitzahoic 
acid,  has  the  formula  C^^H^^fi^,  and  dissolves  in  alkalies  with  a 
color  resembling  that  of  potassium  permanganate  (Anschiitz 
and  Leather,  Jour.  Chem.  Soc.^  xlix.  709). 

6.  Diphenylmethane  and  Triphenylmethane  Coloring 
Matters. 


Diphenylmethane,        ]  and  triphenylmethane. 


CH  ■!  CgHg,  form  the  starting  point  of  a  large  number  of  import- 


ant dyestuffs.  The  numerous  derivatives  of  the  aurins,  phthaleins, 
and  rosanilines  may  be  classified  under  these  two  parent  sub- 
stances. 

Diphenylmethane  gives  rise  to  a  few  important  dyestuffs,  such 
as  the  auramines  and  pyronines,  by  the  introduction  of  amido- 
and  alkyl-groups  occupying  the  para-position  to  each  other.  The 
real  starting  point  for  these  dyestuffs  is  tetramethyldiamidobenzo- 

phenone,  which  has  the  formula  CO  <n'n*M/nH'v    "^^^^  ^^^^ 


is  prepared  by  the  action  of  carbonyl  chloride  on  dimethylaniline 
in  the  presence  of  aluminium  chloride: 


The  crystalline  paste  so  obtained  is  heated  on  a  water-bath  until 
the  reaction  is  completed.  The  salt  is  purified  by  dissolving  in 
hydrochloric  acid  and  reprecipitating  with  caustic  soda.  Tetra- 
methyldiamidobenzophenone  crystallizes  in  the  form  of  color- 
less plates,  melting  at  174**  C,  insoluble  in  water,  but  readily 
soluble  in  ether  and  hot  alcohol.  By  the  action  of  nascent  hydro- 
gen on  this  body,  it  is  converted  into  a  corresponding  carbinol, 

(p!!^^^^-pA>  CH.OH,  which  forms  blue-colored  salts  with 


5 


COCl,  4-  2C,H5N(CH3),  =  2HC1  +  CO  < 


acids. 
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Auramine,  C17H21N3.HCI  +  H2O.  When  tetrametliyldiamido- 
benzophenone  is  heated  with  ammonium  chloride  and  zinc  chloride 
to  150°-160°  C. ,  it  reacts  to  form  an  imido-tetra-methyl- 
diamido-diphenylmethane.  The  reaction  is  represented 
by  the  following  equation: — 

™{8:|iSS:!:  *  ™.^c|8|:K?i:]: 

The  new  body  is  a  colorless  base,  which  forms  salts  of  an  in- 
tensely yellow  color,  the  hydrochloride  being  the  auramine 
of  commerce.  The  hydrochloride,  sulphate,  and  acetate  are 
readily  soluble  in  water,  but  the  thiocyanate  and  double  zinc  salt 
are  only  very  sparingly  soluble  in  cold  water. 

Commercial  auramine  is  a  sulphur-yellow  powder,  which  dis- 
solves somewhat  sparingly  in  cold,  but  more  readily  in  hot  water, 
to  form  a  bright  yellow  solution.  It  is  also  soluble  in  alcohol. 
The  cold  aqueous  solution  is  unchanged  by  hydrochloric  acid,  but 
on  boiling  the  liquid  is  decolorized,  with  re-formation  of  am- 
monium chloride  and  tetramethyl-diamido-benzophenone.  On 
addition  of  caustic  soda,  the  aqueous  solution  of  auramine  yields 
a  white  precipitate  of  the  free  base.  The  precipitate  dissolves  on 
agitation  with  ether,  and  the  separated  ethereal  solution  is  not 
fluorescent,  but  communicates  a  yellow  color  to  acetic  acid  when 
shaken  with  it.  When  treated  with  zinc  and  acetic  acid,  aura- 
mine gives  an  evanescent  green  coloration.  Alkaline  reducing 
agents,  such  as  sodium  amalgam  or  zinc  and  ammonia,  gradually 
decolorize  the  alcoholic  solution  of  auramine,  and  on  adding  water 
a  colorless  reduction-product  is  precipitated,  which  when  heated 
with  acetic  acid  yields  a  deep  blue  color.  With  strong  sulphuric 
acid  it  yields  a  colorless  solution,  which  on  dilution  with  water, 
becomes  yellow  in  color. 

Auramine  produces  a  brilliant  and  very  pure  yellow  when 
mordanted  on  cotton  with  alizarin  oil  or  tannin  and  a  salt  of 
antimony.  ^    The  fibre  is  decolorized  both  by  acids  and  alkalies. 

Auramine  sometimes  occurs  in  commerce  mixed  with  magenta 

^  Auramine  is  one  of  the  few  artificial  yellow  dyes  which  can  be  fixed  on  the 
fibre  by  means  of  tannin.  Hence  it  may  be  employed  to  produce  very  yellow 
shades  of  malachite  green  on  cotton.  When  using  auramine  the  temperature  of 
the  dyebath  must  not  be  above  160°  F.,  as  the  dyestufF  is  decomposed  above  that 
temperature. 
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under  the  name  of  Fuchsine  Scarlet,  and  with  safranine  as 
Safranine  Scarlet. 

Auramine  dyes  textile  fibres  mordanted  with  tannin  a  greenish- 
yellow  which  is  fairly  fast  to  washing  and  light,  but  very  sensi- 
tive to  chlorine.  Auramine  is  also  used  to  a  considerable  extent 
in  paper  staining  and  leather  dyeing. 

Several  brands  of  auramine  are  prepared  for  commerce,  the  pure 
quality  bearing  the  name  of  Auramine  0;  other  qualities  con- 
taining more  or  less  dextrin  appear  under  the  names  Auramine 
I,  II,  or  III. 

If  in  the  manufacture  of  auramine  the  ammonium  chloride  be 
replaced  by  the  hydrochlorides  of  aniline,  xylidine,  naphthyla- 
mine,  etc. ,  substituted  auramines  are  obtained,  none  of 
which  appear  to  crystallize,  and  which  dye  shades  ranging  from 
yellow  to  light  brown. 

Auramine  G,  is  a  dyestuff  analogous  to  auramine;  it  possesses 
the  formula : 

(Mljb^  ^(4)NH.(C1).CH3 

It  is,  therefore,  the  hydrochloride  of  amido-dimethyl-diamido- 
diortho-tolyl-methane.  It  is  a  derivative  of  dimethylditolyl- 
methane,  and  is  prepared  in  a  manner  analogous  to  that  employed 
for  the  preparation  of  auramine.  It  is  a  yellow  powder  soluble  in 
water  with  a  yellow  color.  The  aqueous  solution  treated  with 
sodium  hydrate  gives  a  flocculent  precipitate  which  dissolves  in 
ether,  and  the  separated  ethereal  solution  communicates  a  yellow 
color  to  acetic  acid  when  shaken  with  it.  Hydrochloric  acid 
added  to  the  aqueous  solution  causes  no  change  in  color,  but  on 
boiling  the  solution  is  decolorized,  due  to  the  re-formation  of  am- 
monium chloride  and  dimethyldiamido-diortho-ditolyl-ketone. 
With  strong  sulphuric  acid  auramine  G  yields  a  colorless  solution, 
which  becomes  a  pale  yellow  on  dilution  with  water.  Auramine 
G  is  dyed  in  a  manner  similar  to  that  of  Auramine  0,  but  yields  a 
greener  shade  of  yellow. 

By  the  condensation  of  dimethyl-meta-amidophenol  with  for- 
maldehyde an  oxide  of  tetramethyl-diamido-diphenylmethane  is 
obtained,  which  on  oxidation  yields  a  carbinol  possessing  the 
formula: 
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CeH3-N(Cl)(CH3), 
>0 

C,H3-N(CH3), 


This  body  is  a  derivative  of  diphenyl-methane  and  is  called 
PyronineG.  It  is  a  red  dyestuff  somewhat  resen:ibling  the 
rhodamines  in  shade.  It  occurs  in  the  form  of  green  crystals,  sol- 
uble in  water,  giving  a  red  solution  having  a  yellow  fluorescence; 
also  soluble  in  alcohol  with  a  red  color  and  a  yellow  fluorescence. 
On  treating  the  aqueous  solution  with  caustic  soda  a  pale  red  pre- 
cipitate is  produced;  the  addition  of  excess  of  hydrochloric  acid 
causes  the  color  of  the  aqueous  solution  to  become  bright  orange. 
With  strong  sulphuric  acid  the  dyestuff  gives  an  orange  solution, 
which  becomes  red  on  dilution  with  water. 

There  is  a  corresponding  tetra-ethyl  derivative  which  is  called 
Pyronine  B;  its  shade  is  somewhat  bluer  than  the  preceding 
compound,  and  its  fluorescence  is  redder,  otherwise  its  reactions 
are  similar  to  those  described  for  pyronine  G.  The  pyronines  dye 
cotton  mordanted  with  tannic  acid  brilliant  bluish-red  shades. 

Acridine  Red  3  B  (also  B,  and  BB)  is  obtained  by  the  oxida- 
tion of  pyronine  B  by  means  of  potassium  permanganate.  It  has 
the  formula: 


It  is  a  brown  powder  soluble  in  water  and  alcohol,  giving  a  red 
solution  with  a  yellow  fluorescence.  Caustic  soda  added  to  the 
aqueous  solution  produces  a  red  precipitate;  the  addition  of  hydro- 
chloric acid  changes  the  color  to  orange.  With  strong  sulphuric 
acid  the  dyestuff  gives  a  yellow  solution  with  a  green  fluorescence; 
dilution  with  water  causes  the  color  to  change  to  red. 

Acridine  red  is  dyed  with  a  tannin  mordant  on  either  cotton  or 
silk  in  a  manner  similar  to  the  pyronines,  but  the  shade  obtained 
is  more  yellow  than  that  produced  by  the  latter.  The  color  is 
quite  fast  to  washing  and  light. 

Triphenylmethane  gives  rise  to  a  large  class  of  important 
dyestuffs,  including  the  derivatives  of  rosolic  acid,  the  phthalehis, 
and  rosaniline. 

By  the  introduction  of  hydroxyl-  or  amido-groups  into  tri- 
phenylmethane in  the  para-position  to  that  occupied  by  the 
methane  residue,  colorless  derivatives  known  as  leuco-com- 


N(C1)(C,H,), 


no.cf 


0 


■N(C,H,), 
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pounds  are  produced.  By  the  oxidation  of  these  bodies  two 
hydrogen  atoms  are  abstracted  and  an  inner  condensation  takes 
place,  a  linking  being  established  between  the  methane  carbon 
atom  and  an  oxygen  or  nitrogen  atom  of  one  of  the  hydroxyl-  or 
amido-groups  respectively.  Paraleucaniline,  for  example, 
which  has  the  formula: 

/C,H,NH, 
CH-CeH^.NH, 
XC,H,.NH, 

on  oxidation  condenses  to  pararosaniline,  which  is  repre- 
sented by: 

/C,H,NH, 
C-C,H,.NH, 


The  corresponding  hydroxyl  compound  would  be  pararosolic 
acid  : 

/CeH..  OH 
C-C^H.-OH 
|XH.O 

In  triphenylm ethane  dyestuffs,  therefore,  a  closed  ring  is  pres- 
ent, and  they  contain  the  chromophor  groups  =  C — NH —  or 
=  C — 0 — .  As  these  dyestuffs  appear  to  exhibit  a  relationship  to 
the  quinones  in  their  properties,  their  formula  is  also  written  in 
the  form  =  C  =  CgH^  =  NH.  Structurally,  the  difference  between 
these  formulse  is  as  follows: 

NH 

-NH 


and 


-o 


and 


O 

A 


I! 


Rosaniline  and  its  Allies. 

Rosaniline,  a  base  of  which  the  salts  are  usually  known  in  com- 
merce as  fuchsine  and  magenta,  was  one  of  the  first — and  still  is 
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one  of  the  most  interesting  and  important — of  the  basic  coloring 
matters  obtained  from  coal-ta.r.  It  is  the  type  of  a  large  number 
of  bodies,  not  a  few  of  which  are  or  have  been  of  practical  import- 
ance. Many  of  them  dye  silk  and  wool  without  the  aid  of  a  mor- 
dant, and  by  suitable  means  they  can  also  be  fixed  on  vegetable 
fibres. 

Rosaniline  and  its  allies  are  derivatives  of  the  hydrocarbon  tri- 
phenylmethane,  obtained  by  the  action  of  benzene  on  chloro- 
form, in  presence  of  aluminium  chloride: — H. C i  CI3  +  SCgHg. H  = 
3HC1+ (CgH^gi  CH.  By  oxidation  of  the  hydrocarbon  with 
chromic  acid  in  glacial  acetic  acid  solution  at  100°  C,  tri- 
phenyl-methyl  alcohol  or  triphenyl  carbinol 
CC6Hg)3C.OH,  is  obtained.  On  the  other  hand,  when  slowly 
added  to  cold  fuming  nitric  acid,  triphenyl-methane  is  con- 
verted into  the  t  r  i  n  i  t  r  o-derivative,  (CgH4N02)3CH.  This  may 
be  oxidized  by  treatment  with  chromic  acid  to  the  corresponding 
carbinol,  (CgH^N02)3i  C.OH,  which  when  partially  reduced  by 
zinc-dust  and  acetic  acid  is  converted  into  pararosaniline, 
(CgH^NH2)3C.OH.  Hence,  pararosaniline  has  the  constitution  of 
a  triamidotriphenyl-carbinol,^  while  its  homologue 
rosaniline  is  methyl-pararosaniline  or  triamido- 
diphenyl-tolyl-carbinol. 


By  the  action  of  reducing  agents  the  bases  lose  oxygen.  Thus 
rosaniline  yields  1  e  u  c  a  n  i  1  i  n  e,  (C^HgNHJ  (CgH.NHJ^ •.  CH,  and 
pararosaniline  the  lower  homologue  triamido-triphenyl- 
methane,  (CeH,NH2)3;  CH.    The  salts  of  the  bases  are  colorless. 


^  This  formula,  which  gives  the  rosaniline  bases  the  constitution  of  a  carbinol, 
does  not  seem  to  be  in  agreement  with  the  fact  that  such  carbinols  are  strong  bases 
and  yield  stable  salts  with  one  molecule  of  an  inorganic  acid;  for  these  leuco  bases 
require  as  many  as  three  molecules  of  acid  in  some  cases.  Weil  (Ber.  xxviii.  p. 
£06)  has  proposed  the  formula: 


for  these  bases  which  appears  to  be  more  in  accordance  Avith  observed  facts. 


Pararosaniline. 


Rosaniline. 


(  C,H,(CH,)NII, 
.  C,H,NH, 
CeH..NH, 
LOH 
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Pararosaniline  and  rosaniline  are  well-defined  bases  which  react 
with  acids  to  form  salts,  with  elimination  of  the  elements  of  water. 
Thus  with  hydrochloric  acid,  rosaniline  reacts  in  the  following 
manner :— C^H^iNgO  +  HCl  =  C^oH^^Ng.  HCl  +  H^.  In  constitu- 
tional formulae  the  reaction  must  be  expressed  as  follows:^ 

C,H3(CH3).NH, 


HCl  +  C 


C,H3(CH3).NH, 
OH 


C,H,NH, 
C,H,.NH,.C1 


All  the  amido-derivatives  of  di-  and  triphenyl-carbinol  react 
similarly  with  acids. 

On  account  of  this  peculiar  behavior,  the  constitution  of  rosani- 
line and  its  allies  was  formerly  misunderstood,  but  for  represent- 
ing many  of  their  reactions  the  formulae  of  the  anhydrides  may  be 
conveniently  used. 

When  a  mixture  of  one  molecule  of  para-toluidine  with  two  of 
aniline  is  treated  with  an  oxidizing  agent  of  moderate  power,  such 
as  arsenic  acid  or  mercuric  chloride  or  nitrate,  pararosaniline 
results;  and  when  a  molecule  of  ortho-toluidine  is  substituted  for 
the  second  molecule  of  aniline,  rosaniline  is  produced,  accord- 
ing to  the  equation  :—CH3(4)C,H,.(l)NH3  +  C,H,.NH3  +  CH„ 
(2)C,H,(1)NH,  +  O3  =  C^oH^AO  +  2HA 

By  treatment  with  nitrous  acid,  rosaniline  and  pararosaniline 
are  converted  into  r  o  s  a  u  r  i  n  and  a  u  r  i  n  respectively,  while,  on 
the  other  hand,  by  heating  rosaurin  and  aurin  to  120°  with  strong 
ammonia  the  reverse  action  occurs,  and  rosaniline  and  pararosani- 
line are  respectively  obtained. 

Rosaniline  and  pararosaniline  are  themselves  colorless,  but  their 
salts  are  remarkable  for  the  intense  crimson-red  color  of  their 
solutions.  Rosaniline  hydrochloride  forms  the  commercial  dye 
known  as  magenta  or  fuchsine ;  while  acid  magenta  is  a  mixture  of 
the  sodium  salts  of  several  rosaniline-sulphonic  acids. '-^ 

^  The  formula  for  rosaniline  hydrochloride  given  in  the  text  shows  one  nitrogen 
atom  as  exercising  pentavalent  functions,  and  is  generally  regarded  as  the  most 
probable.    An  alternative  view  of  the  constitution  of  magenta  is: — 

C6H,(CH3).NH2 

CeIl,.NII, 
,  CI 

^A.  Rosen thi el  (Comptes  Kend.  cxvi.  194)  has  studied  the  constitution  of 
rosaniline  from  a  very  pure  material  obtained  by  treating  the  dry  coloring  matter 
with  hydrochloric  or  hydrobromic  acid  gas,  and  subsequently  exposing  the  prod- 
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From  the  residues  of  the  manufacture  of  rosaniline  the  less 
hydrogenized  bases  chrysaniline,  C^gH^^Ng,  and  chryso- 

ucts  over  sulphuric  acid  in  vacuo  for  several  days.  He  concludes  that  rosaniline 
and  its  congeners  present  to  acids  two  distinct  properties:  they  are  mainly  alco- 
hols, but  are  also  basic^  and  stand  midway  between  alkaline  bases  and  alcohols. 
Rosaniline  itself  is  no  triamine,  but  the  coloring  matters  derived  from  it  are  the 
ethereal  salts  of  tertiary  amido-alcohols  of  the  aromatic  series.  This  same  writer, 
in  the  Bull.  Soc.  Ind.  de  Mulhouse,  1893,  195,  through  an  investigation  of  the  acid 
salts  of  magenta  has  arrived  at  the  following  conclusions: 

Hoffman's  rosaniline  tri-hydrochloride,  CgoHigNg.SHCl,  possesses  the  empirical 
formula  C2on23N3Cl4,  but  as  a  matter  of  fact,  it  does  not  exist,  and  the  liypotheses 
based  upon  it  must  be  abandoned,  especially — (1.)  The  formula  C20H19N3  for  ros- 
aniline anhydride.    (2. )  E.  and  O.  Fischer's  formula  for  its  lower  homologue — 
(N^HCeHJ^^C-CeH, 

NH 

(3. )  The  existence  of  a  double  bond  between  one  of  the  nitrogen  atoms  and  the 
carbon  of  the  methane  and  phenylene.  (4.)  This  double  bond  not  existing,  it 
can  no  longer  be  considered  the  cause  of  the  dyeing  power  in  magenta  and  similar 
dyes.  Accordingly  the  formula  of  magenta  must  be  O  —  (C6H4.NH2)3,  and 
magenta  must  be  considered  as  the  hydrochloric  ester  of  a  tri-amido  alcohol.  In 
combination  with  acids  this  alcoholic  function  of  magenta  first  comes  into  play. 
It  is  invariably  modified  in  the  presence  of  amido-groups,  the  basic  nature  of  which 
is  superadded  to  the  feebly  basic  =  COH  group  and  imparts  to  the  OH  group  of 
the  rosaniline,  or  to  the  CI  of  magenta,  as  great  a  capacity  for  ready  chemical  in- 
terchange as  is  observable  in  any  metallic  salt.  The  hydrochloric  ester  of  rosani- 
line, i.  e.,  magenta,  being  formed,  any  excess  of  acid  is  fixed  by  the  amido-groups 
and  the  molecule  is  saturated  when  all  the  amido-groups  have  become  neutral- 
ized— 

C1_C  =  (C6H4.NH2)3.3HC1. 
The  presence  of  the  acid  radical  in  the  methane  carbon  also  explains  the  lack  of 
stability  observable  in  the  acid  salts  of  magenta.  An  analogous  decrease  of  the 
basic  properties  is  noticeable  in  chlorinated,  brominated,  or  nitrated  aniline.  A 
glance  at  the  formulse  of  leucaniline  and  magenta  at  once  explains  now  why  the 
former  yields  stable  stalts  while  the  salts  of  the  latter  decompose  so  easily — 

H-C=  (CeH,.NH2)3,  Cl-C=  (CeH,.NIl2)3. 
The  hydrogen  atom  preserves  the  basicity  of  the  molecule,  whereas  the  chlorine 
atom  of  the  magenta  weakens  it.    The  relation  existing  between  the  colorless  and 
the  colored  derivatives  of  triphenylmenthane  is  clearly  explained  in  the  following 
formulse: — 

Cl-C^Hg  Cl-C=(CeIl5)3. 
Methyl  chloride.  Triphenylmethane  chloride. 

These  two  compounds  are  colorless. 
Triamidotriphenylm ethane  chloride  (magenta) — 

C1-C=(C6H4.NH2)3.  • 
Without  going  so  far  as  to  ascribe  the  dyeing  power  to  the  presence  of  the 
amido-groups,  it  may  be  said  that  the  coloring  matters  in  question  are  the  esters  of 
aromatic  amido  alcohols. 
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toluidine,  CjoHj^Ng,  are  also  obtainable.  They  are  remarkable 
for  forming  almost  insoluble  nitrates,  and  the  hydrochlorides  con- 
stitute the  commercial  product  known  as  phcsphine  or  aniline 
orange.  Safranine  and  the  induUnes  are  also  secondary  products 
of  the  manufacture  of  rosaniline. 

*  By  heating  a  salt  of  rosaniline  with  aniline,  one,  two,  or  three 
atoms  of  hydrogen  in  the  original  base  may  be  replaced  by  the 
radical  phenyl,  with  the  formation  of  mono-,  d i-,  or  lastly,  t r i- 
phenylrosaniline,  CgoHjgCCgHJgNgO.  These  substituted 
products  become  more  intensely  blue  with  each  replacement  of  the 
hydrogen  atoms,  so  that  the  salts  of  the  mono-derivative  are  red- 
dish-violet, those  of  diphenyl-rosaniline  bluish -violet,  while  the 
triphenylated  base  yields  salts  of  a  nearly  pure  blue. 

The  dye  known  as  diphenylamine-blue  is  of  similar  constitution 
to  Paris  blue,  being  the  hydrochloride  of  triphenylpararos- 
aniline.  It  is  obtained  by  heating  diphenylamine  w^ith  ox- 
alic acid:— 3(C,H,),NH  +  C.H^,-  3H,0  -h  CO  +  C.^H^.CC.HJgN,. 
The  dye  azidine^  obtained  by  heating  aurin  with  aniline  and  ben- 
zoic acid  is  apparently  an  impure  kind  of  diphenylamine  blue. 
By  the  action  of  methyl  chloride  or  ethyl  chloride  on  diphenyl- 
amine blue,  or  by  using  methyl-  or  ethyl-diphenylamine  in  the 
process  of  manufacture,  substitution-products  are  obtained,  the 
hydrochlorides  of  which  are  known  in  commerce  as  methyl  blue  and 
ethyl  blue.  They  dye  a  purer  bhie  shade  than  the  unsubstituted 
diphenylamine  blue.  If  a  mixture  of  diphenylamine  (phenylani- 
line)  and  phenyltoluidine  (instead  of  the  former  base  only)  be 
heated  with  oxalic  acid  or  carbon  hexachloride,  triphenylros- 
aniline,  C2oHjg(CgH5)3N3,  is  obtained. 

Just  as  several  of  the  atoms  of  rosaniline  and  pararosaniline 
may  be  replaced  by  phenyl  or  tolyl,  so  may  the  radicals  ethyl  or 
methyl  be  substituted  for  one,  two,  or  three  atoms  of  the  hydrogen 
in  rosaniline.  The  replacement  is  effected  by  heating  magenta  or 
free  rosaniline  with  alcoholic  potash  or  soda  and  chloride  or  iodide 
of  methyl.  The  Hofman's  violets  so  obtained  range  from  RRR,  the 
very  red,  which  is  chiefly  a  salt  of  monomethyl-rosani- 
line,  C2oH2o(CH3)N30,  to  BBB,  the  bluest  shade,  consisting  of  the 
highest  substitution-products.'  Similar,  but  not  identical,  dyes 
may  be  obtained  by  introducing  the  methyl  or  ethyl  radical  into 

*  It  is  a  curious  fact  tliat  while  the  substituted  rosanilines  become  bluer  with 
each  replacement  of  the  liydrogen  atoms  by  phenyl,  tolyl,  methyl,  or  ethyl,  tho 
color  of  the  substituted  mauvemes  follows  the  reverse  rule. 
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aniline  or  diphenyl-amine  before  submitting  the  latter  to  the  action 
of  oxidizing  agents.    Methyl  violet  is  thus  produced. 

The  coloring  matter  known  as  malachite  green  or  benzaldehyde 
green  differs  from  all  the  preceding  in  the  fact  that  only  two  in- 
stead of  all  three  of  the  phenyl  groups  of  the  triphenyl  carbinol 
are  amido-substituted.  Tlius  malachite  green  is  a  salt  of  t  e  t  r  a- 
methyl-diamido-triphenyl-carbinolj  and  brilliant 
green,  helvetia  green,  fast  green,  resorcin  puryle  have  an  allied  consti- 
tution. 

Many  of  the  basic  coloring  matters  of  the  rosaniline  group  are 
convertible  into  more  readily  applicable  dyes  by  s  u  1  p  h  o  n  a- 
tion.  The  sulphonated  dyes  thus  obtained  are  readily  soluble, 
and  dye  silk  and  wool  in  acid  baths.  Usually  they  are  not  readily 
fixed  on  cotton,  except  alkali  blue,  in  which  the  basic  character  of 
the  Paris  blue  from  which  it  is  derived  is  not  wholly  destroyed  by 
conversion  into  a  mono-sulphonic  acid. 

In  some  cases,  as  in  that  of  acid  magenta,  the  sulphonated  dye 
retains  the  hydroxy]  group  of  the  rosaniline  from  which  it  is 
derived,  and  hence  is  of  the  carbinol  type.  In  other  cases,  as  for 
instance  in  alJcali-blue,  the  sulphonated  dye  appears  to  lose  the 
elements  of  water,  just  as  the  basic  dye  does  on  combining  with 
an  acid.  This  is  illustrated  by  the  following  examples,  which 
suffice  to  indicate  the  formulae  of  the  whole  class: — 

Acid  Magenta.  Alkali  Bine. 

odium  salt  of  Rosaniline-  Sodium  salt  of  Triphenyl-rosaniline- 


The  coloring  matters  of  the  rosaniline  group  may  be  conveniently 

*  According  to  Benedikt,  acid  naagenta  is  a  mixture  of  the  sodium  salts  of  mono- 
and  disulphonated  rosaniline.  According  to  Prud'homme,  commercial  acid  ma- 
genta, according  to  the  proportion  of  acids  employed  in  its  manufacture,  is  a 
mixture  of  the  colorless — 


trisulphonic  acid.^ 


monosulphonic  acid. 


HO  —  C  =  [Cgllg.  S03Na.NH2]3 


and  of  the  colored — 


CI  —  C  =  [C6H3.SO3Na.NHJ3 


18 
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classified  as  aniline  red,  aniline  blues,  aniline  violets,  aniline 
greens,  and  associated  dyes.  This  arrangement  will  be  adopted  in 
their  description. 

Rosaniline.    Aniline  Red.  Triamidotolyl-diphenyl-carbinol. 

CA'^fi  =  (C,H,NH,),(C,H,NHJCOH. 

Rosaniline  is  the  artificial  organic  base  the  salts  of  which  form 
the  magnificent  dyeing  mateiials  known  as  aniline-red,  magenta, 
fuchsine,  azaleine,  rubine,  roseine,  solferino,  erythrohenzene^  and  by 
other  more  fanciful  names.  The  coloring  matter  is  produced 
whenever  a  mixture  of  aniline  and  toluidine  is  heated  to  about 
180°  C.  with  an  oxidizing  agent  of  moderate  power.  A.  W.  Hof- 
m  a  n  n  showed  that  the  presence  of  both  aniline  and  toluidine — 
which  coexist  in  commercial  aniline  oils — was  essential  to  the  pro- 
duction of  the  color,  and  represented  the  reaction  thus: — CgH.N4- 
2C,H9N  +  O3 C^oHj.Ng  +  3H,0.  The  more  recent  researches  of 
E.  &  O.  Fischer  have  shown  that  the  free  base  contains,  oxygen, 
and  on  reacting  with  acids  loses  the  elements  of  water. 

A  great  number  of  methods  of  oxidizing  aniline  oil  for  the  pro- 
duction of  rosaniline  have  been  employed  and  patented,  but  only 
three  are  in  general  use,  namely:  the  arsenic  acid,  the  mercuric 
nitrate,  and  the  nitrobenzene  processes.^    According  to  the  oxidiz- 

*  According  to  th.e  arsenic  acid  process,  100  parts  of  "aniline  oil  for  red"  are 
heated  with  128  parts  of  arsenic  acid  of  75°  Baumc  for  eight  hours  to  a  tempera- 
ture somewhat  exceeding  the  boiling  point  of  aniline,  in  a  boiler  fitted  Avith  a  con- 
densing tube.  Water  and  a  part  of  the  aniline  employed  distil  over.  The  resi- 
due is  boiled  with  water,  and  the  liquid  filtered  from  the  insoluble  matter,  which 
contains  mauvaniline,  violaniline,  and  some  c  h  r  y  s  a  n  i  1  i  n  e.  The  so- 
lution, which  contains  arseniate  and  arsenite  of  rosaniline,  chrysaniline, 
excess  of  arsenic  acid,  and  resinous  substances,  is  treated  with  a  large  excess  of 
common  salt.  Sodium  arsenite  and  arseniate  and  rosaniline  hydrochloride  are 
formed,  and  the  last  of  these,  being  sparingly  soluble  in  strong  brine,  separates 
out.  The  precipitated  coloring  matter  is  dissolved  in  water  and  purified  by  crys- 
tallization or  again  preci[)itated  by  the  addition  of  salt.  The  mother-liquors  yield 
an  impure  magenta,  known  as  cerise  or  geranium.  The  arsenic  is  recovered  by 
treating  the  waste-liquors  with  lime,  when  arsenite  and  arseniate  of  calcium  are 
precipitated.  The  resinous  matters  may  be  used  for  tlie  production  of  the  color- 
ing matters  known  as  grevricliu  and  maroon. 

A  very  pure  nitrate  of  rosaniline  may  be  obtained  by  oxidizing  aniline  oil  with 
mercuric  nilratCj  and  this  may  be  converted  into  the  hydrochloride  by  double 
decomposition  with  common  salt. 

Instead  of  using  arsenic  acid,  nitrobenzene  and  ferrous  chloride  are  sometimes 
employed.  The  latter  body  is  oxidized  by  the  nitrobenzene,  and  the  product  in 
turn  oxidizes  the  aniline,  so  that  it  acts  as  a  carrier  of  oxygen.  100  parts  of  ani- 
line oil  are  treated  with  two-thirds  of  the  amount  of  hydrochloric  acid  required 
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ing  agent  employed,  and  the  subsequent  treatment,  the  product 
may  be  the  hydrochloride,  nitrate,  acetate,  or  other  salt  of  rosani- 
line,  but  the  first  is  now  by  far  the  most  commonly  met  with. 

Free  rosaniline  can  be  obtained  by  precipitating  a  solution  of 
either  of  the  commercial  salts  of  rosaniline  by  excess  of  ammonia. 
If  a  boiling  solution  of  the  hydrochloride  be  employed,  a  reddish 
crystalline  precipitate  is  produced,  and  the  colorless  liquid  deposits 
on  cooling  a  further  crop  of  crystals  of  the  pure  base  in  colorless 
needles  and  plates,  which  have  the  composition  C20H21N3O  or 
C,.H„N3H,0. 

Rosaniline  is  a  non-volatile,  colorless,  bitter  substance.  Heated 
in  boiling  water  it  melts,  and  dissolves  to  the  extent  of  0.3  per 
cent.,  a  portion  being  deposited  on  cooling.  In  alcohol  it  dissolves 
in  the  proportion  of  about  1  per  cent.  In  ether,  rosaniline  dis- 
solves to  form  a  colorless  solution,  which  dyes  silk  crimson,  and 
gives  a  fine  crimson  color  on  agitation  with  dilute  acetic  acid.  In 
benzene,  rosaniline  is  said  to  be  insoluble,  but  is  very  soluble  in 
aniline. 

Rosaniline  loses  no  water  at  100°  C.  When  heated  alone  to 
about  130°,  it  is  decomposed.  If  the  free  base  or  one  of  its  salts 
be  heated  with  water  under  pressure  to  about  240°  C,  phenol  and 
ammonia  are  produced,  with  other  products;  but  if  the  water  be 
acidulated  with  hydrochloric  acid,  or  if  the  rosaniline  be  heated 
with  concentrated  hydriodic  acid,  it  is  completely  resolved  into 
aniline  and  toluidine. 

Salts  of  Rosaniline.  Rosaniline  is  a  well-defined  and  power- 
ful base,  capable  of  combining  with  either  one,  two,  or  three  equiva- 
lents of  an  acid.  The  tri-acid  salts  are  brownish-yellow, 
both  in  the  solid  state  and  in  solution,  and  are  readily  soluble  in 
water  and  alcohol.  The  di-acid  salts  are  little  known  and 
difficult  to  prepare.  The  mono-acid  salts,  typified  by  ordi- 
nary magenta,  are  the  most  interesting  and  important.  They  are 
stable  crystalline  bodies  having  a  beetle-green  metallic  lustre,  and 
are  mostly  soluble  in  water  and  alcohol,  forming  violet-red,  non- 

for  neutralization,  and  50  parts  of  nitrobenzene  added.  The  mixture  is  heated, 
while  from  3  to  5  parts  of  iron  filings  are  gradually  added.  The  subsequent  op- 
erations are  the  same  as  in  the  arsenic  acid  process.  The  bye-products  contain 
much  i  n  d  u  1  i  n  e,  but  no  chrysaniline. 

A  valuable  article  on  the  manufacture  of  magenta  has  been  published  by  P. 
Schoop  in  Dmr/Ier's  Polytechnische  Journal,  cclviii.  276,  and  translated  in  Jour. 
Soc.  Dyers,  etc.,  ii.  118. 
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fluorescent  solutions  of  high  tinctorial  power.  Their  solutions 
dye  silk  and  wool  a  magnificent  crimson  color,  without  the  aid  of 
a  mordant,  and  by  proper  means  the  color  may  be  fixed  on  vege- 
table fibres.  Formerly,  English-made  magenta  was  generally  ros- 
aniline  acetate;  the  French  article  known  as  roseine  consisted  of 
the  hydrochloride;  while  the  nitrate  was  known  as  rubine  or  aza- 
leine. 

Rosaniline  Acetate,  Cg^H^gNg, CgH^Oa,  forms  magnificent  crystals 
with  a  beetle-green  reflection,  which  are  apt  to  turn  brownish-red. 
It  is  one  of  the  soluble  of  the  salts  of  rosaniline,  and  also  dissolves 
freely  in  alcohol.  The  acetate  was  formerly  the  most  commonly 
occurring  salt  of  rosaniline,  but  latterly  has  been  superseded  by 
the  hydrochloride. 

Rosaniline  Chromate  is  a  brick-red,  nearly  insoluble  powder. 

Rosaniline  Hydrochloride^  or  hydrochlorate  of  rosaniline, 
CjoHjpN3,HCl.  This  compound,  which  constitutes  the  ordinary 
magenta,  fuchsine,  or  roseine  of  commerce,  crystallizes  in  very 
small,  deliquescent  rhombic  plates,  which  are  somewhat  sparingly 
soluble  in  pure  water,  but  more  readily  in  acidulated  water  and  in 
alcohol.  It  is  also  soluble  in  amylic  alcohol,  but  insoluble  in 
ether.  Rosaniline  hydrochloride  combines  with  platinic  chloride 
to  form  an  uncrystallizable  chloroplatinate.  With  concen- 
trated hydrochloric  acid,  rosaniline  hydrochloride  yields  brown 
needles  of  the  triacid  salt,  C2oIIj9N3, 3H(^1.  This  body  dis- 
solves in  a  little  water  with  brown  color,  but  on  dilution  splits  up 
into  hydrochloric  acid  and  the  mono-acid  salt,  the  re-formation  of 
which  is  indicated  by  the  change  of  the  color  of  the  solution  to 
crimson.^ 

Rosaniline  Nitrate,  C20HJ9N3,  HNO3,  constitutes  the  commercial 
products  known  as  azaleine  and  rubine.    It  is  not  often  met  with. 

Rosaniline  Picrate  forms  magnificent  reddish  needles,  nearly 
insoluble  in  water. 

Rosaniline  Sulphate  much  resembles  the  hydrochloride. 

Rosaniline  Tannate  has  a  practical  importance  in  dyeing,  as  its 
iasolubility  in  water  affords  a  means  of  fixing  the  coloring  matter 
on  vegetable  fibres,  and  of  recovering  rosaniline  from  spent  dye- 
liquors.    It  dissolves  in  alcohol,  wood  spirit,  and  acetic  acid. 

Magenta.    Fuchsine.    Aniline  Red.    These  names,  as  also 

*New  Magenta  (I  soru  bin)  is  the  hydrochloride  of  tritolylcarhinol.  It  is 
prepared  by  the  condensation  of  fonnaklehyde  with  ortliotohiidine.  It  resembles 
magenta  in  appearance,  but  is  more  soluble  in  water  and  dyes  a  bluer  shade. 
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rubeine,  roseine,  azaleine,  etc.,  are  used  to  signify  the  salts  of  rosani- 
line  as  occurring  in  commerce.  Formerly,  the  English-made  prod- 
uct generally  consisted  of  rosaniline  acetate,  and  was 
known  as  magenta;  the  French  article  called  roseine  consisted  of 
the  hydrochloride;  while  the  nitrate  was  known  as  rubeine 
or  azaleine.^  Now  the  hydrochloride  has  to  a  great  extent  super- 
seded the  acetate  and  nitrate  of  rosaniline,  and  the  distinction  is 
no  longer  observed.  The  following  reactions  are  common  to  all  the 
commercial  varieties  of  magenta. 

Magenta  usually  occurs  in  beetle-green  crystals  or  as  a  dark- 
green  crystalline  powder.  It  dissolves  in  water  with  magnificent 
crimson  color  without  fluorescence.  The  dilute  aqueous  and  alco- 
holic solutions  of  magenta  exhibit  characteristic  absorption-spectra, 
having  a  well-defined  black  band  between  the  Fraunhofer  lines  D 
and  E. 

Solutions  of  magenta  dye  silk  and  wool  without  a  mordant. 
The  coloring  matter  is  partially  removed  by  boiling  water,  while 
soap  removes  it  completely. 

Caustic  alkalies,  ammonia,  baryta,  lime  and  magnesia  decom- 
pose solutions  of  magenta,  free  rosaniline  being  precipitated  in  a 
crystalline  and  nearly  colorless  state.  If  magnesia  be  used  ,^  and 
the  operation  conducted  in  a  boiling  hot  liquid,  so  that  some  of 
the  liberated  rosaniline  may  remain  in  solution,  and  the  liquid  be 
then  filtered  out  of  contact  with  air,  a  colorless  filtrate  is  obtained. 
On  passing  carbon  dioxide,  or  the  air  exhaled  from  the  lungs, 
through  this  colorless  solution  of  rosaniline,  a  crimson  colora- 
tion is   produced,   owing   to  the  formation  of  rosaniline 

^Magenta-violet  or  fuchsine  Visa  mixture  of  rosaniline  and  mauvaniline  hydro- 
chlorides. 

Cerise  is  a  coloring  matter  containing  magenta,  and  is  used  in  dyeing  browns. 
The  mother-liquors  from  which  magenta  has  been  salted  out  contain  phosphine, 
unprecipitated  magenta,  and  a  brown  coloring  matter.  They  are  treated  with 
milk  of  lime,  and  the  precipitate  separated,  dissolved  in  acidulated  water,  and 
salted  out.  The  cerise  obtained  forms  an  amorphous  brown  mass,  with  a  vitreous 
fracture. 

Maroon  and  grenadin  are  brown  coloring  matters  obtained  by  purifying  the 
resinous  matters  formed  in  the  manufacture  of  magenta. 

Cardinal  and  amaranth  consist  of  mixtures  containing  magenta  as  the  chief 
constituent. 

^If  one  of  the  other  bases  mentioned  in  the  text  be  substituted  for  magnesia,  it 
should  be  added  gradually,  and  only  in  sufficient  quantity  to  effect  exact  decora- 
position,  as  indicated  by  the  decolorization  of  the  solution. 
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carbonate.  The  reaction  constitutes  a  delicate  test  for  carbon 
dioxide.  ^ 

If  a  solution  of  magenta  be  treated  with  excess  of  soda  or  am- 
monia and  then  agitated  with  ether,  the  liberated  rosaniline  dis- 
solves. The  separated  ethereal  solution  is  colorless,  but  dyes  silk 
a  fine  crimson,  and  on  shaking  with  dilute  acetic  acid  yields  a 
crimson  solution. 

Excess  of  strong  hydrochloric  acid  turns  magenta  solutions  yel- 
low or  brown,  owing  to  the  formation  of  a  t  r  i  a  c  i  d  salt,  which 
is  decomposed  on  copious  dilution,  or  on  adding  a  solution  of 
sodium  acetate,  with  restoration  of  the  original  crimson  color. 

Reducing  agents,  such  as  zinc  and  acetic  or  hydrochloric  acid, 
stannous  chloride,  sulphurous  acid,''^  etc.,  decolorize  solutions  of 
magenta  with  formation  of  colorless  salts  of  leucaniline, 
C20H21N3.  This  base  differs  from  the  products  resulting  from  the 
reduction  of  safranine,  magdala-red,  and  certain  other  coloring 
matters,  in  not  being  reconverted  into  rosaniline  by  atmospheric 
oxygen.  On  the  other  hand,  oxidation  of  leucaniline  to  rosani- 
line can  be  effected  by  manganese  dioxide,  chloranil,  and  similar 
agents. 

Strong  oxidizing  agents,  such  as  permanganates,  hypochlorites, 
and  chlorine,  decolorize  solutions  of  magenta.  Oxidizing  agents 
of  moderate  power  produce  new  coloring  matters,  a  yellowish-red 
product  known  as  aniline- scarlet  being  formed  by  the  action  of  hy- 
drogen peroxide  or  lead  nitrate.  Chromic  acid  acts  on  magenta 
with  formation  of  a  brown  coloring  matter. 

Aldehyde  and  alcoholic  solution  of  shellac  convert  magenta  into 
blue  coloring  matters. 

Solid  magenta  dissolves  in  strong  sulphuric  acid  with  yellowish- 
brown  color,  becoming  violet-red  on  dilution  with  water. 

Detection  of  Magenta.  When  perfectly  pure,  magenta  is  not 
poisonous,  but  as  occurring  in  commerce  it  frequently  contains  ar- 
senic, and  hence  is  unsuitable  for  coloring  confectionery,  syrups, 
wines,  etc.  Its  use  for  such  purposes  is  absolutely  forbidden  in 
some  countries. 

^  A  solution  of  magenta  in  glacial  acetic  acid  is  a  delicate  reagent  for  nitrous 
acid  and  nitrites,  which  change  the  color  first  to  violet,  then  through  blue,  green 
and  yellow  to  orange.    Nitric  acid  does  not  show  this  reaction. 

Fuchsine-sulphurous  acid,  prepared  by  passing  sulphurous  actd  gas  into  a  di- 
lute solution  of  magenta  until  the  crimson  color  has  changed  to  a  pale  j'ellow,  is  a 
very  delicate  reagent  for  aldehydes  and  some  of  their  derivatives,  as  these  give  an 
intense  violet-red  color  with  it. 
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The  detection  of  magenta  is  based  on  the  foregoing  reactions, 
but  in  order  to  apply  these  satisfactorily  it  is  usually  necessary  to 
isolate  the  coloring  matter  more  or  less  perfectly. 

For  the  detection  of  magenta  in  wine  or  other  colored  liquids,' 
about  50  c.c.  of  the  sample  should  be  treated  with  excess  of  baryta 
water,  heated  to  boiling,  and  filtered.  The  filtered  liquid  is  then 
cooled  and  shaken  with  ether,  which  will  take  up  the  rosaniline. 
The  ethereal  solution,  though  colorless  or  nearly  so,  will  com- 
municate a  violet-red  color  to  dilute  acetic  acid,  and  the  resultant 
solution  will  exhibit  a  characteristic  absorption-spectrum.^  On 
evaporation  to  dryness,  the  ethereal  solution  will  yield  a  residue 
soluble  in  strong  hydrochloric  acid  with  yellow-brown  color, 
changed  to  violet-red  on  dilution,  and  permanently  decolorized  by 
warming  with  zinc.  If  a  thread  of  w^hite  silk  or  wool  be  placed  in 
the  ethereal  solution,  and  the  ether  allow^ed  to  evaporate,  the 
rosaniline  will  be  taken  up  by  the^  fibre,  which  will  acquire  a 
crimson  color  w^hen  moistened  with  dilute  acetic  acid.  A  fairly 
approximate  colorimetric  detenxii nation  of  the  magenta  present 
may  be  obtained  by  comparing  the  tint  with  those  of  standard 
specimens  of  wool  or  silk  prepared  in  a  similar  manner  with  known 
quantities  of  the  coloring  matter. 

A  modification  of  the  above  test  consists  in  rendering  50  c.c.  of 
the  wine  slightly  alkaline  with  ammonia  and  boiling  the  liquid 
with  a  little  white  wool  till  all  the  alcohol  and  ammonia  are  ex- 
pelled. The  w^ool  is  then  removed,  washed  with  water,  and  at 
once  heated  with  a  few  drops  of  caustic  soda  solution  till  dissolved. 
After  cooling,  about  5  c.c.  of  water  and  the  same  measure  of  alco- 
hol are  added,  and  the  liquid  is  shaken  up  with  10  c.c.  of  ether. 
The  ethereal  solution  is  then  separated,  and  examined  as  already 
described. 

An  alternative  process  for  the  detection  of  magenta  in  wine  is  to 
warm  50  c.c.  with  a  strong  solution  of  lead  acetate,  filter,  and  add 
one  drop  of  acetic  acid  to  the  filtrate.  This  is  next  shaken  with 
10  c.c.  of  amylic  alcohol,  which  will  remain  colorless  if  the  wdne 
l)e  pure,  but  will  be  colored  red  in  the  presence  of  magenta,  red- 

*  The  froth  of  wine  colored  with  magenta  has  a  distinct  violet  tint. 
In  the  Paris  Municipal  Laboratory,  where  a  large  number  of  wines  are  ex- 
amined, it  is  usual  to  test  for  basic  coal-tar  dyes,  including  ordinary  magenta,  by 
adding  enough  baryta  water  to  render  the  wine  slightly  alkaline,  and  then  shak- 
ing with  amylic  alcohol  or  acetic  ether.  The  upper  layer,  either  immediately  or 
after  acidulation  with  acetic  acid,  will  be  colored  if  a  basic  dye  be  present. 
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violet  by  archil^  and  yellow  by  rosolic  acid.  If  the  amy  lie  alcohol 
be  sejDarated  and  agitated  with  dilute  ammonia,  it  will  be  decolor- 
ized, the  ammoniacal  liquid  acquiring  a  bluish-violet  color  if  archil 
and  a  red-violet  if  rosolic  acid  be  present,  while  magenta  com- 
municates no  marked  color  to  the  ammonia. 

Of  late  years,  the  use  of  ordinary  magenta  for  coloring  wine  has 
been  to  a  great  extent  superseded  by  that  of  other  coal-tar  dyes, 
especially  the  sulphonated  rosaniline  known  as  acid  magenta 
To  detect  this  coloring  matter,  J.  H  e  r  z  {Analyst^  xi.  175) 
recommends  that  from  30  to  50  c.c  of  the  wine,  or  preferably 
100  c.c.  previousl}^  concentrated  to  that  volume,  should  be  treated 
with  half  its  measure  of  a  cold  saturated  solution  of  magnesium 
sulphate,  and  then  from  10  to  20  c.c.  of  a  strong  solution  of 
caustic  soda  stirred  in.  The  precipitate  of  magnesium  hydrox- 
ide carries  down  with  it  all  the  natural  coloring  matter  of  the 
wine,  and  also  most  of  the  artificial  coloring  matters,  except  archil 
and  sulphonated  magenta.  If  the  filtrate  be  not  colorless,  or  at 
most  merely  yellowish-red,  the  treatment  with  magnesium  sul- 
phate and  soda  should  be  repeated.  A  colorless  or  yellowish 
filtrate  having  been  obtained,  it  is  acidulated  with  dilute  sulphuric 
acid,  when  if  acid  magenta  or  other  sulphonated  dye  be  present 
the  liquid  wdll  re-acquire  its  original  violet-red  color,  and  from  the 
depth  of  the  tint  an  approximate  estimate  of  the  amount  present 
can  be  made.  If  archil  be  present,  the  alkahne  filtrate  will  be 
bluish,  becoming  litmus-red  on  addition  of  acid.  If  the  excess  of 
acid  be  nearly  neutralized,  and  the  colored  liquid  be  shaken  for 
some  minutes  with  peroxide  of  lead  and  filtered,  a  colorless  filtrate 
will  be  obtained  if  the  previous  coloration  was  due  to  archil^  while 
in  the  case  of  the  acid  magenta  the  red  color  remains,  and  its 
intensity  indicates  the  amount  of  the  dye  present. 

The  gelatinous  precipitate  of  magnesium  hydroxide  is  next 
stirred  up  with  hot  water,  and  the  liquid  separated  by  decantation 
or  filtration.^    The  precipitate  is  then  mixed  with  sand,  dried  at 

only  the  natural  coloring  matter  of  the  wine  be  present,  or  bilberry  lias  been 
used,  this  liquid  is  yellowish-brown  ;  with  archil,  dark  violet ;  with  ponceav, 
onion  or  ponceau  red;  with  cansisi^ine,  pale  red  or  dark  yellow;  and  with  vivicoline 
bordelaine,  yellowish-red  or  reddish-brown,  giving  a  violet  zone  when  poured  on 
the  surface  of  strong  sulj)huric  acid.  This  last  coloring  matter  is  said  to  be  a 
mixture  of  Biebrich  red  and  elderberry  extract.  If  the  colored  liquid  be  agitated 
with  amylic  alcohol,  and  the  solution  so  obtained  evaporated,  the  residue  will  be 
dark  grey  or  brownish-grey  if  only  natm-al  or  vegetable  coh)ring  matters  are 
present;  violet  in  presence  of  arcliil;  dirty  white  with  either  ordinary  or  acid 
magenta;  dirty  yellow-brown  with  cassissine;  and  crimson-red  with  vinicoline. 
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100°,  and  exhausted  with  ether.  The  ethereal  solution  will  con- 
tain any  ordinary  magenta  present  in  the  original  wine,  and  can 
be  examined  in  the  manner  already  described.  H  e  r  z  mentions 
a  dye  called  cassissine  which  is  extracted  together  with  the  ordi- 
nary magenta,  but  dyes  wool  reddish-brown  and  is  left  as  a  red- 
dish-brown residue  on  evaporating  the  ethereal  solution.  The  dyed 
wool  becomes  yellow  when  treated  with  strong  hydrochloric  acid, 
and  colorless  on  adding  ammonia. 

To  detect  magenta  in  wine,  R.  K  a  y  s  e  r  (Jour.  Soc.  Cheni  Ind., 
iv.  291)  recommends  that  100  c.c.  of  the  sample  should  be  shaken 
with  20  c.c.  of  colorless  amyhc  alcohol.  The  Hquid  is  then  di- 
luted with  water  and  the  amylic  alcohol  layer  examined  with  a 
spectroscope.  If  the  characteristic  absorption-bands  of  magenta 
are  observed,  another  portion  of  the  sample  should  be  treated  with 
excess  of  ammonia,  and  shaken  with  amylic  alcohol  as  before, 
which  will  be  colored  red  by  ordinary  magenta,  while  sulphonated 
magenta  is  not  extracted  from  alkaline  liquids.' 

In  the  Paris  Municipal  Laboratory,  for  the  detection  of  acid  dyes 
in  wine,  10  c.c.  of  the  sample  is  rendered  strongly  alkaline  by  the 
addition  of  2  to  3  c.c.  of  a  5  per  cent,  solution  of  caustic  potash; 
from  2  to  3  c.c.  of  a  20  per  cent,  solution  of  mercuric  acetate  is 
next  added,  and  the  whole  well  shaken  and  filtered.  With  pure 
wine,  the  filtrate  is  colorless,  and  remains  so  even  after  acidulation 

^It  is  not  evident  why  free  rosaniline  should  color  amylic  alcohol  as  stated. 
There  is  also  a  discrepancy  between  this  process  and  the  experience  of  J.  H  e  r  z, 
who  does  not  appear  to  have  observed  the  extraction  of  either  ordinary  or  acid 
magenta  from  acid  solutions  by  treatment  with  amylic  alcohol.  On  the  contrary, 
he  finds  that  the  color  of  the  wine  after  the  treatment  is  cherry-red  in  the  pres- 
ence of  ordinary  magenta,  reddish-violet  with  acid  magenta,  dark  cherry-red  with 
Bordeaux  B ;  and  yellowish-red  with  -ponceau  RRR.  On  evaporating  the  amylic 
alcohol  solution  to  dryness  and  testing  the  residue  with  reagents,  H  e  r  z  observed 
the  following  reactions  : 


Coloring  Matter. 

Residue  from  Amyl  Alcohol. 

Color. 

With  Concent. 
H2SO4. 

With  Concent. 
HCl. 

With  Caustic 
Soda. 

Archil. 
Bordeaux  P.. 
Ponreau  RRR. 
Cassissine. 

Vinicoline  Bordelaise. 

Violet-red. 
Carmine. 
Dark-red. 
Violet-purple. 

Cherry-red. 

Blue. 
Carmine. 
Crimson. 
Yellow. 

Brown. 

Red. 

Carmine, 
Crimson. 
Yellowish- 
brown. 
Red. 

Blue. 
Carmine. 
Brown. 
Red. 

Brown. 
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with  hydrochloric  acid,  but  will  be  yellow  or  red  if  acid  magenta 
or  other  sulphonated  coal-tar  dye  be  present. 

Further  information  respecting  the  detection  of  foreign  coloring 
matters  in  wine  will  be  found  in  vol.  i. 

The  methods  already  described  for  the  detection  of  magenta  in 
wdne  are  applicable  to  other  articles  colored  by  it. 

The  detection  of  magenta  on  fibres  dyed  with  it  presents  no  dif-  - 
ficulty.  The  color  is  destroyed  by  sodium  sulphide,  owing  to  its 
reduction  to  leucaniline.  Alkalies  also  bleach  the  color  from  liber- 
ation of  rosaniline,  which  may  be  extracted  by  ether.  Strong 
hydrochloric  acid  turns  the  fabric  yellow  or  brown,  the  color  being 
restored  by  copious  dilution. 

L  i  e  b  m  a  n  n  and  S  t  u  d  e  r  (^Jour.  Soc.  Chem.  Ind.,  v.  288)  re- 
commend that  100  c.c.  of  the  wine  should  be  evaporated  to  about 
10  c.c,  saturated  with  sulphur  dioxide,  and  then  precipitated  with 
lead  acetate.  To  the  filtered  liquid  a  drop  of  aldehj^de  or  acetone 
is  added,  when  a  violet  coloration  will  be  produced  if  magenta  or 
acid  magenta  be  present  even  in  the  proportion  of  one  milligramme 
per  litre.  The  test  is  equally  applicable  to  syrups,  lozenges,  etc. 
The  treatment  with  lead  acetate  is  not  essential.  A  similar  method 
may  be  employed  for  the  detection  of  magenta  in  cudbear  and 
archil. 

In  testing  wine  for  magenta  it  should  always  be  borne  in  mind 
that  the  coloring  matter  is  precipitated  by  tannin,  and  hence  is 
often  present  most  largely  in  the  deposit,  from  which  it  may  be 
extracted  by  treatment  with  an  alkali  and  agitation  with  ether. 

Examination  of  Commercial  Magenta.  Pure  magenta  consists 
simply  of  the  hydrochloride  or  other  salt  of  rosaniline,  mixed  wdth 
more  or  less  of  the  corresponding  compound  of  pararosaniline. 
The  commercial  product  generally  contains,  in  addition,  more  or 
less  water,  mineral  impurities,  resinous  substances,  and,  if  pre- 
pared by  the  arsenic  acid  process,  a  notable  quantity  of  arsenic. 
Besides  these  impurities,  actual  adulterants  are  sometimes  present, 
the  most  usual  being  sugar,  starch,  dextrin,  sodium  sulphate,  and 
occasionally  bronze  pow^der. 

Magenta  of  good  quality  being  generally  well  crystallized,  pow- 
dered or  imperfectly  crystalline  specimens  are  a  ways  open  to 
suspicion. 

The  blue  shades  of  magenta  are  generally  the  purest.  The  yel- 
low shades,  if  made  by  the  arsenic  acid  process,  usually  contain 
phmphine ;  magenta  made  by  the  nitrobenzene  process  contains  no 
phosphine. 
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A  solution  of  pure  magenta  is  entirely  decolorized  by  sulphurous 
acid,  while  impure  samples  are  turned  yellow  or  brown;  or  the  hot 
aqueous  solution  of  the  sample  may  be  treated  with  hydrochloric 
acid,  and  zinc-dust  then  gradually  added  in  small  quantities  at  a 
time,  till  the  red  color  is  destroyed.  With  pure  magenta  the  re- 
duced liquid  will  be  colorless,  but  if  chrysaniline  be  present  it  will 
have  a  yellow  tint. 

Arsenic  is  sometimes  present  in  commercial  magenta  in  consider- 
able proportion,  as  much  as  6|-  per  cent,  having  been  met  with. 
It  may  be  detected  by  Marsh's  test.  For  its  determination,  the 
acidulated  solution  may  be  treated  with  bromine  water,  excess  of 
ammonia  added,  the  liquid  filtered  if  necessary,  and  magnesia 
mixture  then  added.  A  precipitate  of  the  ammonio-magnesium 
arseniate,  deposited  in  streaks  in  the  track  of  the  glass  rod  used 
for  stirring,  will  be  gradually  formed  if  arsenic  be  present,  The 
arseniate  may  be  distinguished  from  the  similar  phosphate  by 
washing  the  precipitate  or  streaks  with  water,  and  adding  silver 
nitrate,  when  the  arsenite  will  be  turned  brown,  or  the  phosphate 
yellow. 

The  detection  of  other  impurities  and  adulterants  of  magenta 
will  be  described  in  the  section  on  the  "Examination  of  Com- 
mercial Coloring  Matters." 

Acid  Magenta,  called  also  magenta  S  and  rubine  S,^  is  ob- 
tained by  heating  ordinary  magenta  with  fuming  sulphuric  acid 
or  sulphonic  chloride,  SO3HCI.  The  product  is  poured  into 
water,  neutralized  with  milk  of  lime,  the  solution  filtered  from  the 
calcium  sulphate,  and  the  filtrate  decomposed  by  sodium  car- 
bonate. The  calcium  carbonate  is  filtered  off  and  the  filtrate 
evaporated  to  dryness.  Acid  magenta  occurs  in  grains  or  powder 
of  a  green  color  and  metallic  lustre.  It  dissolves  readily  in  water, 
forming  a  bluish-red  solution,  which  is  nearly  decolorized  by 
alkalies  without  a  precipitate  being  formed,  and  nothing  is  yielded 
to  ether.  Dilute  acids,  even  carbonic  acid,  restore  the  color,  which 
is  not  materially  altered  by  a  considerable  excess.  In  strong  sul- 
phuric acid,  the  solid  dye  dissolves  with  yellow  color,  becoming 
gradually  red  on  dilution. 

According  to  C.  Blarez,  all  red  coal-tar  dyes  except  acid 
magenta,  and  also  all  red  vegetable  coloring  matters,  are  com- 
pletely decolorized  when  their  aqueous  solutions  are  slightly 
acidulated  with  tartaric  acid  and  digested  with  dioxide  of  lead. 

'  Impure  forms  of  acid  magenta  are  to  be  met  with  under  the  names  of  Maroon 
S,  Grenat  S,  Acid  Cerise^  Cardinal  Red  S,  Acid  Maroon^  etc. 
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In  its  behavior  with  reducing  agents  and  acetone,  acid  magenta 
reacts  like  the  basic  dye. 

Acid  magenta  is  employed  for  coloring  red  wines.  Being  insol- 
uble in  ether,  either  in  acid  or  alkaline  liquids,  it  may  be  distin- 
guished from  ordinary  magenta,  and  may  be  more  definitely 
recognized  as  described  on  page  282.' 

Acid  magenta  has  only  about  half  the  dyeing  power  of  ordinary 
magenta,  but  can  be  dyed  from  strongly  acid  baths,  and  hence  is 
conveniently  employed  in  conjunction  with  acid  yellow,  indigo- 
carmine,  etc. 

On  the  fibre,  acid  magenta  is  unaffected  in  color  by  a  mixture 
of  equal  measures  of  hydrochloric  acid  and  water,  whereas  ordinary 
magenta  is  turned  yellow  or  brown.  The  reagent  dissolves  some 
of  the  acid  magenta,  and  acquires  a  cherry-red  color. 

Aniline  Blues. 

As  stated  already  (page  272)  the  phenylated  derivatives  of  ros- 
aniline  and  pararosaniline  dye  bluer  shades  than  the  unsubstituted 
bases,  and  this  in  proportion  to  the  number  of  hydrogen  atoms  re- 
placed by  phenyl,  CgH^.  Thus  the  coloring  matter  known  as 
regina  violet  is  chiefly  a  salt  of  diphenyl-rosaniline,  while  the 
various  commercial  aniline  blues  are  mostly  triphenylated  deriva- 
tives; and  Benedikt  states  that  hexaphenyl-rosaniline  yields  a 
purer  blue  than  any  other  coloring  matter  known. 

Besides  a  few  aniline  colors  of  a  somewhat  different  constitu- 
tion, there  occur  in  commerce  two  parallel  series  of  blue  dyes, 
which  are  triphenylated  derivatives  of  pararosaniline  and  rosani- 
line  respectively.    Thus: — 


Triphenyl-para- 
rosaniline. 

rCeH4.NH(C,H,) 

.,1  CeH,.NH(CeH,) 
^1  CeH^-NHCCeHe) 
[OH 

Triphenyl-rosanlllne. 
rC6H3(CH3).NH(C6n6) 

plCeH,.NH(CeHJ 
'"1  CoH^.NHcCeHg) 

[oh 

nydrochloride. 

Sodium  monosulphonate. 

Sodium  disulphonate. 
Sodium  trisulphonate. 

Diphenylamine  blue.  Para- 
rosaniline blue. 

Alkali  blue  T>.  Soluble  Di- 
phenylamine blue. 

Bavarian  blue  DSF. 

Methyl  blue  BI  for  cotton. 
Bavarian  blue  UEF. 

Rosaniline    blue.  Aniline 
blue.    Spirit  blue.  Paris 
blue. 

Alkali  blue.   Soluble  blue. 

Nicholson's  blue. 
Silk  blue. 

Soluble  blue.    China  blue. 
Cotton   blue.    Opal  blue. 
Water  blue  0  or  6  B  extra. 

'  Ma^^cnta  may  also  be  distinjjuislicd  from  acid  magenta  by  treatment  with  sul- 
phurous acid,  when  the  rosaniliiic  salt  will  be  decolorized,  but  will  assume  a  violet 
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The  parallel  compounds  from  para-rosaniline  and  rosaniline  pre- 
sent a  close  analytical  and  general  resemblance.  In  addition,  the 
phenylated  products  from  commercial  rosaniline  invariably  con- 
tain more  or  less  of  their  lower  homologues  (from  para-rosaniline), 
and  hence  there  is  no  sharp  distinction  between  the  two  series  of 
dyes. 

Diphenylamine  Blue  or  Para-rosaniline  Blue^  is  the  hydrochlor- 
ide of  triphenyl-pararosaniline,  and  contains  Cj9Hj^(CgH3)3N3.HCl. 
It  is  prepared  by  heating  diphenylamine,  (CgHJg-NH,  to 
120°-130°  with  oxalic  acid.  The  excess  of  oxalic  acid  is  removed 
by  washing  with  water,  and  unaltered  diphenylamine  by  boiling 
with  benzene,  the  residue  being  then  converted  into  the  hydro- 
chloride. The  commercial  dye  forms  a  brownish  powder,  having 
an  odor  resembling  that  of  diphenylamine.  It  is  insoluble  in 
water  and  only  sparingly  soluble  in  cold  alcohol,  but  dissolves 
more  readily  on  heating.  The  solution  is  turned  greenish  by  hy- 
drochloric acid.  A  two  per  cent,  solution  of  the  coloring  matter 
in  methylated  spirit  is  employed  to  produce  light  and  very  pure 
shades  of  blue  on  silk.  Diphenylamine  blue  dissolves  in  strong 
sulphuric  acid  with  brownish-yellow  color,  a  blue  precipitate  being 
produced  on  dilution. 

The  coloring  matter  known  as  azuline  or  azurine  is  an  impure 
hydrochloride  of  triphenyl-pararosaniline. 

Coloring  matters  known  as  methyl  blue^  and  ethyl  blue  are  obtain- 
able by  the  action  of  methyl  or  ethyl  chloride  on  diphenylamine 
blue;  or  by  heating  methyl-  or  ethyl-diphenylamine  with  oxalic 
acid.  The  products  dye  silk  a  still  purer  blue  than  that  produced 
i)y  diphenylamine  blue.  One  of  the  purest  blues  is  obtained  by 
treating  methyl-diphenylamine  at  100°  with  c  h  1  o  r  a  n  i  1  (tetra- 
chlorquinone),  CgCl^O^)^  then  further  heating  to  130°.  The 
product  is  reduced  to  powder,  washed  with  hydrochloric  acid, 
dissolved  in  alcohol,  and  precipitated  by  water. 

coloration  with  an  alcoholic  solution  of  form-  or  acetaldehyde.  Acid  magenta 
subjected  to  the  same  treatment  assumes  a  rose  tint  of  the  original  color.  Magenta 
is  also  soluble  in  amyl  alcohol  in  the  presence  of  an  alkali,  whereas  acid  magenta 
is  not. 

'Also  known  as  Bavarian  Blue  spirit  soluble. 

•^Also  known  as  Methyl  Blue  MBI,  Brilliant  Cotton  Blue,  XL  Soluble  Blue, 
Methyl  Water  Blue,  Cdtton  Blue,  Bavarian  Blue  DBF,  Soluble  Blue  8B,  lOB, 
Pure  Blue  BSL 

^  Prepared  by  the  action  of  potassium  chlorate  and  hydrochloric  acid  on  phenol. 
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Rosaniline  Blue,  also  called  ^pm^  Bliie^  Aniline  Blue,  Opal  Blue, 
Gentian  Blue  6  B,  Fine  Blue,  Hessian  Blue,  is  a  salt  of  t  r  i  p  h  e  n  y  1- 
rosaniline,  containing  more  or  less  of  the  corresponding  salt 
of  triphenyl-pararosaniline.  To  prepare  it,  rosaniline  (prepared 
by  precipitating  a  solution  of  the  purest  bluish  magenta  with  am- 
monia or  lime)  is  heated  to  about  180°  with  ten  times  its  w^eight 
of  aniline  and  some  benzoic  acid.  The  excess  of  aniline,  together 
with  the  ammonia  formed  in  the  reaction,  distils  over.  The  prod- 
uct is  neutralized  with  dilute  hydrochloric  acid,  when  aniline  hy- 
drochloride dissolves  and  the  salt  of  the  new  base  remains  insolu- 
ble. This  is  washed  first  with  dilute  hydrochloric  acid  and  then 
with  water,  and  dried  and  powdered.^ 

The  most  usual  form  of  occurrence  of  triphenylrosaniline  is  as 
the  hydrochloride,  C2oHjg(CgHg)3N3.HCl,  but  the  sulphate 
and  acetate  are  also  met  with.  The  first  salt  forms  a  greyish- 
green  or  brownish  powder,  which  becomes  pure  blue  at  100°;  the 
sulphate  and  acetate  bluish-violet,  lustreless  powders.  In  cold 
water,  the  salts  of  triphenylrosaniline  are  quite  insoluble,  and 
nearly  so  in  hot.  In  alcohol  the  acetate  dissolves  easily,  and  the 
hydrochloride  and  sulj^hate  with  more  difficulty  to  form  deep  blue 
solutions,  unchanged  or  turned  greenish  by  hydrochloric  acid,  and 
in  which  stannous  chloride  produces  a  blue  precipitate.  A  cold 
alcoholic  solution  of  spirit  blue  becomes  brownish -red  with  soda  or 
ammonia,  but  at  a  boiling  heat  a  colorless  solution  is  produced, 
and  on  dilution  with  water  this  yields  a  white  precipitate  of  free 
triphenylrosaniline,  C^oH^.CC.HJgNg.OH,  which  rapidly  becomes 
blue  in  the  air.  In  concentrated  sulphuric  acid,  spirit  blue  dis- 
solves with  brownish-yellow  color,  and  on  dilution  with  water  a 
blue  precipitate  is  produced. 

Spirit  blue  is  employed  to  produce  bright  blues  on  wool.  The 
articles  are  dyed  in  a  bath  containing  alum,  sulphuric  acid,  or 
stannic  chloride.    Fibres  dyed  with  spirit  blue  arc  nearly  decolor- 

1  The  blue  obtained  from  rosaniline,  as  describea  in  the  text,  is  of  a  lower  price 
and  quality  than  diphenylamine  blue.  Tlie  less  pure  products  have  a  reddish 
shade,  especially  observable  in  artificial  light.  The  best  qualities  appear  pure 
blue  by  gas  or  lamp  light,  and  are  sometimes  known  as  bleu  de  nuit  and  bleu  lu- 
miere,  but  must  not  be  confused  with  the  night  blue  described  on  another  page. 
These  qualities  are  also  known  as  spirit-blue  5B  and  6B,  the  redder  shades  being 
described  as  ^7?,  SB,  etc.,  according  to  their  quality.  Spirit-blue  is  sometimes 
further  purified  by  dissolving  it  in  aniline  and  precipitating  by  hydrochloric  acid, 
and  by  other  methods.  Such  purified  products  are  known  opal  blue  or  basic 
blue. 


ROSANILINE  BLUE. 


287 


ized  by  hydrochloric  acid,  turned  greyish-violet  by  soda,  and 
changed  to  light  blue,  fading  to  colorless,  by  ammonia.  Alcohol 
strips  the  fibre  even  in  the  cold. 

SULPHONATED  AnILINE  BlUES. 

Diphenylamine  blue  and  spirit  blue  being  insoluble  in  water, 
their  practical  application  is  attended  with  some  inconvenience,  to 
obviate  which  they  are  frequently  sulphonated,  w4th  produc- 
tion of  soluble  coloring  matters  known  as  Soluble  Blue,  Water  Blue, 
Water  Blue  6  B,  China  Blue,  London  Blue,  Cotton  Blue,  Opal  Blue, 
Marine  Blue} 

The  greater  the  number  of  SO3H  groups  that  are  introduced  into 
triphenjdrosaniline  or  its  homologues,  the  more  readily  soluble 
the  products  become,  but  their  fastness  to  light  and  air,  soap,  and 
alkalies  decreases  in  the  same  proportion.  Hence  the  higher 
sulphonic  acids,  such  as  triphenyl-rosaniline  tetrasulphonic  acid, 
are  never  prepared. 

The  sulphonated  aniline  blues  are  prepared  by  heating  diphenyl- 
amine blue  and  spirit  blue  with  concentrated  sulphuric  acid,  the 
extent  of  the  sulphonation  depending  on  the  proportion  of  acid 
used  and  the  temperature  employed.  A  soluble  diphenylamine 
blue  may  be  prepared  directly  by  heating  diphenylamine-sulphonic 
acid  with  oxalic  acid,  instead  of  sulphonating  the  previously  pre- 
pared triphenylpararosaniline. 

Triphenylrosaniline  -  MONOSULPHONic  AciD  has  the  formula 
C2oHj5(S03H)(CgH5)3N3,  and  is  formed  by  dissolving  spirit  blue  in 
strong  sulphuric  acid  and  heating  the  solution  to  30°-35°  C.  for 
five  or  six  hours.  On  pouring  the  resultant  brownish -yelloAv  solu- 
tion into  water,  the  sulphonic  acid  is  obtained  as  a  bulky  blue 
precipitate,  which  after  being  dried  at  100°  forms  small  grains 
having  a  metallic  lustre.  Its  alkali-metal  salts  are  soluble  in 
water,  but  those  formed  with  the  heavy  metals  and  alkaline-earth 
metals  are  insoluble  or  nearly  so.  By  digesting  the  washed  sul- 
phonic acid  in  a  quantity  of  caustic  soda  solution  somewhat  less 
than  that  required  to  combine  with  it,  and  filtering,  a  solution  of 
the  sodium  salt  is  obtained,  from  which  the  solid  compound 
may  be  prepared  by  saturating  the  liquid  with  common  salt,  or 
evaporating  it  to  dryness  with  addition  of  a  little  ammonium 
carbonate. 

Sodium  triphenylrosaniline-monosidphonate  forms  the  commercial 

*  Also  known  as  Cotton  Blue  3  B,  Bleu  de  Lyon,  Water  Blue  B,  BS,  Blue  BVSZ, 
Blackley  Blue,  Pure  Blue,  Water  Blue  00. 
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dye-stuff  known  as  Nicholson'' s  Blue,  Alkali  Blue,  Soluble  Blue  or  Fast 
Blue.  It  occurs  in  lumps  or  powder  of  a  greyish,  brownish,  or 
dull  blue  color.  It  dissolves  readily  in  hot  water,  with  light 
brown  or  bluish  color,  which  becomes  deep  blue  on  adding  acetic 
acid,  and  on  boiling  the  acidulated  liquid  the  free  sulphonic  acid 
separates  as  a  blue  precipitate.  Hydrochloric  acid  produces  the 
same  reaction  in  the  cold,  and  on  filtering  a  colorless  liquid  is 
obtained,  unless  a  di-  or  trisulphonate  be  present.  Caustic  soda 
turns  the  solution  of  soluble  blue  reddish-violet,  the  color  chang- 
ing on  boiling  to  reddish-brown.  Excess  of  ammonia  decolorizes 
the  solution.  Calcium  chloride  and  stannous  chloride  produce 
blue  precipitates.  Soluble  blue  dissolves  in  strong  sulphuric  acid 
with  fine  brownish-red  color,  becoming  blue  on  dilution  with 
water. 

If  wool  be  immersed  in  a  hot  solution  of  alkali  blue,  preferably 
containing  borax,  sodium  silicate,  sodium  carbonate,  or  ammonia, 
the  nearly  colorless  salt  is  taken  up  by  the  fibre  and  cannot  be 
removed  by  w^ashing  with  water;  but  on  subsequently  immersing 
the  fibre  in  dilute  sulphuric  acid  the  blue  color  is  developed. 

Cold  alcohol  readily  removes  the  color  from  wool  or  silk  dyed 
with  alkali  blue.  Caustic  soda  turns  the  fibre  a  yellowish-brown, 
while  ammonia  immediately  destroys  the  color.  Hydrochloric 
acid  nearly  decolorizes  the  fibre,  and  an  acid  solution  of  stannous 
chloride  destroys  it  gradually. 

Commercial  alkali  blue  is  liable  to  contain  various  impurities  and 
adulterations.  It  should  dissolve  without  residue  in  about  five 
parts  of  hot  water.  Sugar,  starch,  and  dextrin  are  sometimes 
added,  and  a  considerable  proportion  of  sodium  carbonate,  sul- 
phate, or  chloride  is  often  present.  Arsenic  is  not  an  unusual 
contamination.  Alcohol  dissolves  the  dye  and  leaves  sodium  sul- 
phate and  carbonate  insoluble.  The  dye  may  be  precipitated  by 
saturating  the  aqueous  solution  with  purified  common  salt,  while 
sodium  carbonate  and  sulphate  remain  in  solution.  The  sulphate 
of  sodium  contained  in  the  residue  left  on  ignition  represents  that 
formed  from  the  sulphonate,  as  well  as  that  pre-existing  as  sul- 
phate. Pure  sodium  triphenylrosaniline  -  monosul{)honate  will 
yield  22.6  per  cent,  of  Nn^SO^  on  fusion  with  sodium  carbonate 
and  nitre.  On  ignition  alone  a  low  result  is  obtained,  the  sodium 
present  being  insufficient  to  fix  all  the  sulphur,  besides  w^hich 
more  or  less  sulphide  and  sulphite  will  probably  be  formed. 

Sodium  triphenylpararosaniline-monosulpho7iate  is  known  in  com- 
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merce  as  Alkali  Blue  D.^  In  its  reactions  it  closely  resembles  its 
homologue  from  rosaniline,  but  is  nearly  insoluble  in  cold  water, 
and  in  hot  water  forms  a  blue  solution  which  has  an  odor  of 
diphenylamine. 

Triphenylrosaniline-disulphonic  Acid,  having  the  formula 
C2oHj^(S03H)2(CsH5)3N3,  is  obtained,  together  with  the  trisulphonic 
acid,  w^hen  triphenylrosaniline  hydrochloride  (spirit  blue)  is  di- 
gested with  4  or  5  parts  strong  sulphuric  acid  at  60°  C.  for  five  or 
six  hours,  and  the  temperature  finally  increased  to  100°-110°.  If 
the  product  be  diluted  with  three  or  four  times  the  quantity  of 
water,  both  sulphonic  acids  are  precipitated,  but  if  a  comparatively 
large  quantity  of  water  be  used  the  precipitate  consists  mainly  of 
the  disulphonic  acid,  while  the  trisulphonic  acid  dissolves  and  may 
be  obtained  as  a  blue  precipitate  by  treating  the  filtrate  with  com- 
mon salt  or  hydrochloric  acid  in  excess.  Triphenylrosaniline- 
disulphonic  acid  is  slightly  soluble  in  water,  but  insoluble  in  acid 
liquids,  and  hence  is  thrown  down  as  as  a  blue  precipitate  on  acid- 
ulating the  solution  of  one  of  its  salts.  Excess  of  soda  turns  the 
solution  of  its  salts  yellow.  The  sodium  salt  occurs  in  com- 
merce under  the  name  of  Silk  Blue,  and  Bavarian  Blue  DSF,  Methyl 
Blue  for  Silk  MLB,  Marine  Blue  B,  consists  principally  of  the  cor- 
responding derivative  of  pararosaniline,  while  Blackley  Blue  is  the 
sodium  salt  of  diphenyl-tolyl-rosaniline-sulphonic  acid. 

Triphenylrosaniline-trisulphontc  Acid,  of  the  composition 
C2oH,3(S03Na)3(CgH5)3N3,  is  obtained  as  indicated  above.  It  is 
soluble  in  Water  and  alcohol.  The  sodium,  ammonium,  and  calcium 
salts,  mixed  wdth  more  or  less  of  the  corresponding  disulphonates, 
form  the  commercial  coloring  matters  known  as  Water  Blue,  Cotton 
Blue,  etc.  (page  287).  The  ammonium  salt  forms  dark 
lumps  or  grains  having  a  coppery  lustre;  the  sodium  salt 
usually  occurs  as  dark  blue  irregular  lumps.  China  Blue  is  a  very 
porous  variety  of  water  blue,  obtained  by  adding  carbonate  of  am- 
monium to  a  very  concentrated  and  slightly  acid  solution  of  the 
coloring  matter. 

Water  blue  is  more  soluble  than  alkali  blue,  and  crystallizes 
from  its  concentrated  hot  solution  in  flakes  having  a  metallic  lus- 
tre. Its  solution  is  not  completely  precipitated  by  hydrochloric 
acid,  under  any  circumstances;  and  not  at  all  unless  a  large  excess 
of  the  reagent  be  used  or  disulphonate  be  present.  Caustic 
soda  decolorizes  the  solution  or  turns  it  reddish-brown.  Water 


'Also  known  as  Methyl  Alkali  Blue  and  Alkali  Blue  6  B. 
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blue  dissolves  in  strong  sulphuric  acid  with  dark  yellowish-red 
color,  and  on  dilution  a  blue  solution  is  formed,  sometimes  accom- 
panied by  partial  precipitation. 

Water  blue  differs  from  alkali  blue  in  not  being  taken  up  by 
wool  from  an  alkaline  solution,  and  hence  the  fibre  so  treated  is 
not  rendered  blue  by  subsequent  immersion  in  dilute  acid. 

Strong  sulphuric  acid  dissolves  water  blue  from  fibres  dyed  with 
it,  with  a  blue  coloration,  and  a  hydrochloric  acid  solution  of  stan- 
nous chloride  behaves  similarly.  Caustic  soda  turns  the  fibre  red- 
dish-brown, and  ammonia  decolorizes  it  immediately.  Alcohol 
has  no  effect  on  the  dyed  fibre,  even  when  boiling. 

Water  blue  is  chiefiy  used  for  dyeing  cotton,  being  fixed  by 
means  of  tannin,  or  by  alizarin  oil,  in  conjunction  with  alumi- 
nium, antimony,  or  tin  compounds.  It  is  dyed  on  silk  and  wool 
in  an  acid  bath,  and  in  this  case  is  always  used  in  conjunction  with 
other  coloring  matters. 

The  coloring  matters  known  as  Bavarian  Blue  DBF,  Methyl-Blue 
M,  BI  for  cotton,  etc. ,  chiefly  consist  of  the  sodium  salt  of  tri 
'phenyl-pararosaniline-trisulphonic  acid,  and  closely  resemble  the 
homologue,  ordinary  water  blue. 

Blues  from  Tetramethyl-dla^mido-benzophenone. 

Several  interesting  coloring  matters  are  obtainable  by  the  reac- 
tion of  tetramethyl-diamido-benzophenone  on  phenyl-alphanaph- 
thylamine  and  its  homologues  in  presence  of  condensing  agents. 
Although  the  mode  of  preparation  of  these  dyes  is  entirely  differ- 
ent from  that  of  diphenylamine  blue  and  rosanihne  blue,  the  pro- 
ducts bear  a  certain  constitutional  relationship  to  these  products. 

Victoria  and  night  blues  dye  wool  and  silk  in  a  bath 
acidulated  with  acetic  acid.  Cotton  is  first  mordanted  with  alizarin 
oil  and  aluminium  acetate.  Sulphuric  acid  changes  the  color  of 
the  fibre  to  orange  or  reddish-brown,  but  the  original  blue  color  is 
restored  by  washing. 

Victoria  Blue  B  or  BS  is  the  hydrochloride  of  tetramethyl- 
phenyl-triamido-a-naphthyl-diphenylcarbinol,  and  is  prepared  by 
the  action  of  phenyl-a-na})hthylamine  on  tetramethyl-diamido- 
benzophenone  chloride.  It  is  sparingly  soluble  in  cold,  but 
readily  so  in  hot  water,  yielding  a  blue  solution  which  gradually 
deposits  a  reddish  resinous  precipitate  of  free  base  on  boiling. 
This  decomposition  is  prevented  by  the  addition  of  acetic  acid. 
In  the  presence  of  mineral  acids  the  dyestuff  is  less  soluble  than 
in  pure  water.    When  dyed  on  wool  Victoria  Blue  is  very  liable 
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to  rub;  this  fault  may  be  avoided  by  boiling  the  wool  with  alu- 
minium sulphate  before  dyeing. 

Victoria  Blue  4  R  is  the  hydrochloride  of  pentamethyl- 
phenyl-triamido-a-naphthyl-diphenylcarbinol.  It  is  made  in  a 
manner  analogous  to  the  preceding  dyestuff,  which  it  greatly 
resembles  in  its  general  properties,  with  the  exception  that  it  dyes 
a  redder  shade. 

Night  Blue  is  the  hydrochloride  of  tetramethyl-tolyl-triamido- 
a-naphthyl-diphenylcarbinol.  Its  preparation  is  analogous  to 
the  preceding  blues.  It  is  soluble  in  water  with  a  fine  blue 
color  which  becomes  turbid  and  is  precipitated  by  boiling.  Its 
solubility  is  increased  by  the  addition  of  acetic  acid.  From  the 
fact  that  night  blue  is  completely  precipitated  from  its  solution  by 
many  other  dyestuffs  such  as  picric  acid,*naphthol  yellow,  etc.,  it 
is  used  as  a  reagent  for  the  quantitative  estimation  of  such  dye- 
stuffs  (see  p.  117). 

Aniline  Violets. 

By  the  substitution,  partial  or  complete,  of  the  hydrogen  of  the 
NHg  groups  of  rosaniline  and  pararosaniline  by  methyl  or  ethyl, 
various  violet  coloring  matters  are  obtained,  those  compounds  in 
which  the  substitution  is  carried  furthest  yielding  the  bluest 
shades.  These  methylated  and  ethylated  rosanilines  (and  para-rosa- 
nilines)  with  a  few  compounds  in  which  a  molecule  of  phenyl,  tolyl, 
or  benzyl  is  introduced,  constitute  the  aniline  violets  of  commerce. 

The  aniline  violets  are  usually  greenish  powders  or  crystals  with 
metallic  reflection,  soluble  in  water  to  fine  violet  solutions  which 
dye  silk  and  wool  violet  without  a  mordant.  They  can  be  fixed 
on  cotton  b}^  tannin  and  tartar-emetic.  The  aniline  violets  are 
decolorized  by  boiling  with  potassium  cyanide,  a  turbid  solution 
being  produced.  With  sulphuric  acid  they  dissolve  with  yellow 
or  brownish-yellow  color,  and  present  a  very  close  analytical 
resemblance,  as  will  be  seen  in  the  annexed  tables  of  their  physical 
characters  and  chemical  reactions. 

Methyl  Violet  B,  Methyl-aniline  Violet,  Paris  Violet, 
Dahlia,  Direct  Violet,  Methyl  Violet  2B,  or  Methyl  Violet 
V3  (page  273),  is  the  hydrochloride  or  double  zinc  salt  of  penta- 
methyl-pararosaniline.  It  is  produced  by  the  direct  oxidation  of 
dimethylaniline  (from  dimethyl-toluidine)  bv  cupric  chloride:^ — 
3C,H,.N(CH,),  +  80  =  3H,0  4  C„H,,XCH,),N, 

'  Sulphate  of  copper  is  treated  in  solution  with  a  large  excess  of  common  salt, 
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A  coloring  matter  known  as  chlor anil-violet,  probably  identical 
with  methyl-violet,  is  obtained  by  the  reaction  of  dimethylaniline 
and  chloranil  (tetrachlorquinone). 

Methyl-aniline  violet  occurs  in  commerce  as  a  hydrochloride, 
and  also  a  compound  of  this  salt  with  zinc  chloride.  The  hydro- 
chloride forms  small  crystals,  the  zinc  double  salt  a 
powder  or  irregular  lumps.  Both  varieties  of  the  coloring  matter 
exhibit  a  green  metallic  reflection,  and  are  easily  soluble  in  w^ater, 
alcohol,  amyl  alcohol,  and  chloroform. 

Dilute  solutions  of  methyl  violet  are  turned  pure  blue  by  a  very 
small  addition  of  hydrochloric  acid.  With  more  acid  they  appear 
green  in  thin  layers,  but  red  and  somewhat  turbid  in  thicker 
strata.  Excess  of  acid  turns  the  solution  red  or  yellowish-brown 
from  the  formation  of  an  acid  salt.  Ammonia  produces  a  lilac 
and  caustic  soda  a  violet-brown  precipitate,  the  solution  becoming 
colorless  on  boiling. 

With  chromic  acid  methyl- violet  gives  a  dirty  violet  and  with 
stannous  chloride  a  blue-violet  precipitate,  becoming  lighter  on 
boiling.    Hypochlorites  decolorize  solutions  of  methyl  violet. 

Methyl  violet  is  completely  precipitated  by  soluble  ferrocyanides 
and  ferricyanides,  and  hence  may  be  conveniently  fixed  on  cotton 
mordanted  with  potassium  ferrocyanide,  or  in  the  fibres  of  which 
zinc  ferrocyanide  has  been  previously  deposited  by  double  decom- 
position. In  this  manner  methyl  violet  may  be  used  for  printing 
calico.  It  is  also  fixed  by  albumin  or  tannin,  and  is  used  for 
topping  goods  dyed  with  iron  mordants  and  alizarin,  in  order  to 
brighten  the  fast  violet  thus  produced. 

Boiling  with  water  gradually  decolorizes  fibres  dyed  with  methyl 
violet.  Hydrochloric  acid  removes  part  of  the  color  and  the  fibre 
becomes  greenish-yellow,  but  the  original  color  is  restored  on 
washing  with  water.  Ammonia  decolorizes  the  fibre.  Caustic 
soda  turns  it  reddish-violet  and  gradually  decolorizes  it.  Treated 
with  a  hydrochloric  acid  solution  of  stannous  chloride,  the  fibre 
becomes  a  yellow  or  greenish-yellow  color. 

Methyl  violet  is  liable  to  much  the  same  adulterations  as  other 

and  acetic  acid  and  dimethylaniline  added.  The  product  is  moulded  into  cakes 
which  are  dried  at  40°  to  50°  These  are  treated  with  a  quantity  of  boiling 
water  insufficient  to  dissolve  all  the  common  salt.  The  aniline  violet,  being  in- 
soluble in  strong  brine,  remains  as  a  residue.  It  is  dissolved  in  water,  the  co})per 
removed  by  sulphuretted  hydrogen,  and  the  coloring  matter  precipitated  by  treat- 
ing the  filtrate  with  common  salt.  It  is  again  purified  by  re-solution  and  crystal- 
lization or  salting  out,  or  is  converted  into  the  zinc  double  salt. 
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aniline  d3'es.  It  may  be  determined  volumetrically  by  precipita- 
tion with  picric  acid  (page  118),  the  formula  of  the  picrate 
being  C,,H,,N3.C;fI,(NO,)30H. 

Crystal  Violet,  Violet  C,  Crystal  Violet  5  BO,  or  Crystal 
Violet  0  is  the  hydrochloride  ofhexamethyl-pararosani- 
line.  It  is  obtained  by  the  reaction  of  tetra-methyl-diamido- 
benzophenone  chloride  or  carbon  oxychloride  on  dimethyl-aniline, 
the  reaction  in  the  latter  case  being: — 

[C,H,.N(CH,)J,  +  2C0C1,  =  C1.C[C,H..N(CH3)J,  +  8HC1  +  CO,. 

Crystal  violet  forms  long  hexagonal  prisms  or  pyramids.  The 
crystals  have  a  beetle-green  reflection  if  anhydrous,  bat  a  variety 
containing  8  aqua  also  occurs,  the  reflection  from  which  is  bronze. 
When  heated  to  100°,  the  crystals  become  brown  and  suffer  slight 
decomposition.  Crystal  violet  is  soluble  both  in  water  and  alco- 
hol, but  crystallizes  more  readily  from  the  former  than  the  latter 
menstruum.  The  solutions  are  deep  violet-blue,  and  dye  wool 
and  silk  a  very  blue  shade  of  violet.  On  cotton,  crystal  violet  is 
fixed  by  tannin  and  tartar-emetic. 

According  to  G.  Z  e  1 1  e  r,  crystal  violet  dissolves  in  strong  sul- 
phuric acid  with  orange  color,  which  is  unchanged  on  dilution; 
but  according  to  other  observers  the  solution  in  sulphuric  acid  is 
yellow,  changing  on  dilution  to  green,  blue  and  violet. 

On  adding  platinic  chloride  to  a  solution  of  crystal  violet  in 
strong  hydrochloric  acid,  the  chloroplatinate  is  obtained  as 
a  brick-red  precipitate  of  the  composition  [C,9Hj^(CH3)gN3Cl]^ 
(PtCl.),. 

On  heating  crystal  violet  in  a  closed  tube  to  120°  C.  with  an 
aqueous  solution  of  ammonium  sulphide,  a  leuco-base  is 
formed  of  the  formula  C25H2^N3,  which  melts  at  173°  after  being 
purified  by  crystallization  from  alcohol. 

Crystal  violet  forms  a  very  insoluble  picrate,  a  fact  which 
may  be  utilized  for  its  determination  and  assay  (see  page  118). 

Benzyl  Violet*  is  prepared  by  heating  methyl  violet  with 
benzyl  chloride,  CgH5.CH2Cl,  alcohol,  and  lime  or  soda,  in  an 
apparatus  furnished  with  a  reflux  condenser.  A  series  of  pro- 
ducts are  thus  formed,  becoming  bluer  the  greater  the  number 
of  benzyl  atoms  introduced  into  the  molecule.  The  commercial 
product  is  the  hydrochloride  of  zinc  double  salt.    Benzyl  violet 

'  Also  known  as  Paris  Violet  6  B,  7  B,  Methyl  Violet  6  B,  7  B,  Violet  5  B,  6  B, 
or  7  B. 
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closely  resembles  methyl  violet,  but  dyes  somewhat  bluer  shades. 
Fibres  dyed  by  benzyl  violet  are  turned  light  blue  by  caustic  soda ; 
but  if  dyed  by  methyl  violet  red-violet.  In  both  cases,  the 
material  is  decolorized  after  a  time. 

Hofmann's  Violets^  are  of  historical  interest,  being,  with  the 
exception  of  mauve  (page  100),  the  first  aniline  violets  produced, 
but  they  have  now  been  nearly  superseded  by  the  newer  colors, 
such  as  methyl  violet.  They  are  produced  by  acting  on  an  alco- 
holic solution  of  rosaniline  with  caustic  soda  and  iodide  of  methyl 
or  ethyl.  The  larger  the  proportion  of  alkyl  iodide  employed, 
the  greater  is  the  substitution  and  the  bluer  the  product.  The 
ethylated  rosanilines  are  redder  than  the  corresponding  methyl- 
derivatives. 

Regina  Purple  (Regina  Violet,  Imperial  Violet, 
or  Phenyl  Violet)  is  probably  a  mixture  of  the  acetates  of 
phenyl-  and  orthotolyl-rosaniline  together  with  the  same  salts  of 
pararosaniline.  It  is  obtained  from  the  "echappes"  formed  in 
the  manufacture  of  magenta.  Parma  Violet  or  Regina 
Violet  spirit-soluble  is  a  similar  product  supposed  to  be 
the  hydrochloride  of  diphenylrosaniline,  and  is  a  bye-product 
from  magenta  made  after  the  nitrobenzene  method.  Neither  of 
these  violets  is  used  to  any  extent  at  the  present  time,  and  they 
are  fast  becoming  obsolete. 

Acid  Violets.  There  are  several  of  these  dyestuffs,  which  in 
general  resemble  acid  magenta,  but  give  a  bluer  shade  in  dyeing. 
For  the  most  part  they  are  sodium  salts  of  the  sulphonic  acids  of 
methyl-  and  ethyl-rosaniline  and  pararosaniline.  The  shades  are 
usually  quite  fast  to  light  and  resist  milling  fairly  well,  but  are 
destroyed  by  alkalies.  Among  these  violets  are  to  be  found  Red 
Violet  4RS,^  and  5RS,  which  are  the  sodium  trisulphonates 
of  dimethylrosaniline  and  ethylrosaniline  respectively;  Acid 
Violet  6B^  or  Acid  Violet4BNis  the  sodium  sulphonate  of 
benzyl-pentamethylpararosaniline. 

Formyl  Violet  S4B*  is  also  a  rosaniline  violet  which  is 

'  Also  known  as  Iodine  Violet,  Bed  Violet  5  B  extra,  Violet  4  BN,  Violet  B, 
BB,  5  B,  Dahlia,  and  Primula. 
2  Also  called  Acid  Violet  4RS. 

^  There  is  also  an  Acid  Violet.  OB  made  by  the  Berlin  Aniline  Works 
which  is  the  sodium  sulphonate  of  dimethyl-dibenzyl-dietliyl-trianiidotriphenyl 
carbinol.  Acid  violet  4F>N  is  also  known  as  Acid  Violet  7B  and  Acid 
V  i  o  1  e  t  N.    Wo  o  1  B  1  u  e  S  is  a  mixture  of  acid  violet  4BN  with  a  lisfht  green. 

♦  Also  known  asAcidViolet4Bextra,  AcidVioletGB(of  Geigy). 
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obtained  by  the  condensation  of  diethyldibenzyldianiido-diphenyl- 
methane  disulphonic  acid  with  diethylaniline.  It  gives  a  bluer 
shade  than  acid  magenta  and  resembles  the  acid  violets  very 
closely. 

Acid  violets  of  a  red  shade  which  have  been  made  by  the  alky- 
lation  of  acid  magenta,  usually  contain  some  excess  of  the  latter. 
In  order  to  effect  a  separation  of  the  magenta  from  the  acid  violet 
the  coloring  matter  is  dissolved  in  hot  water  and  precipitated  with 
basic  lead  acetate.  This  precipitate  is  decomposed  by  ammonium 
carbonate,  and  filtered;  the  coloring  matter  in  the  filtrate  being 
estimated  by  evaporation  and  weighing  of  the  residue.  The 
washings  are  acidulated  with  sulphuric  acid,  then  made  alkaline 
with  lime,  and  filtered.  The  filtrate  is  evaporated  to  dryness  and 
treated  with  alcohol,  which  extracts  the  lime  salts  of  the  violet 
coloring  matters,  leaving  that  of  the  acid  magenta  undissolved. 
The  shade  of  the  precipitate  and  the  two  portions  of  the  washings 
can  be  ascertained  by  dye  trials. 

Aniline  Greens. 

The  green  coloring  matters  derived  from  triphenylmethane  may 
be  divided  into  two  classes,  one  of  which  is  represented  by  methyl 
green  and  the  other  by  benzaldehyde  green.  The  former  dyes  are 
derivatives  of  triamido-triphenylmethane,  while  the  latter  are 
derived  from  diamido-triphenylmethane.  The  sulphonated  aniline 
greens  which  are  found  in  commerce  are  mostly  dyes  of  the  latter 
series. 

Methyl-Green  or  Methylaniline  Green ^  is  the  most  import- 
ant of  the  basic  green  dyes  of  Class  1.  ( page  273).  It  is  prepared 
by  acting  on  pentamethyl-pararosaniline  (the  base  of  methyl 
violet)  by  methyl  chloride,  in  amylic  alcohol  solution,  and  con- 
verting the  product  into  the  double  zinc  salt. 

Methylaniline  green  is  the  double  salt  with  zinc  chloride  of  the 
hydrochloride  of  chlormethyl-hexamethyl-pararosaniline,^  and  has 
the  formula:— C,9H,2(CH3)X. CI. CH3CI+  ZnCl^  +  H^O.  It  occurs 
in  commerce  either  in  small  green  needles,  in  large  coppery 
prisms,  or  as  a  hght  green  powder.  It  dissolves  readily  with 
bluish-green  color  in  water  and  alcohol,  but  is  soluble  in  amy] 
alcohol.    This  last  character  distinguishes  methyl  green  (and 

'  Also  known  as  Paris  Green,  Light  Green,  Double  Green  and  Green  Powder. 
This  base  may  be  conveniently  referred  to  as  "  verdaniline." 
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probably  the  other  greens  of  Class  I.)  from  benzaldehyde  green 
(and  its  allies).  Methylaniline  green  is  insoluble  in  ether  ox 
benzene,  and  may  be  precipitated  from  its  alcoholic  solution  by 
addition  of  ether. 

Dilute  acids  color  the  solution  to  greenish-yellow,  a  tri-acid  salt 
being  formed,  but  on  dilution  with  water  the  original  color  is 
restored.  Hypochlorites  destroy  the  color  of  methyl  green,  and 
stannous  chloride  and  other  reducing  agents  gradually  decolor- 
ize it. 

On  adding  a  strong  solution  of  caustic  soda  to  one  of  methyl 
green  a  resinous  precipitate  is  produced.  This  precipitate  is  the 
free  base,  and  contains  Ci9Hj2(CH3)gN3.0H.CH3Cl.  It  is 
soluble  in  pure  water,  and  on  treatment  with  moist  oxide  of 
silver  yields  silver  chloride  and  the  non-chlorinated  base, 
C,3H,2(CH3),N3.0H.CH3.0H,  is  produced. 

As  might  be  expected  from  its  constitution  and  mode  of  forma- 
tion, methyl  green  readily  splits  up  into  methyl  chloride  and 
methyl  violet.  The  decomposition  occurs  gradually  at  100°,  and 
rapidly  at  120°-130°  C.  Hence  if  filter-paper  be  moistened  with 
a  solution  of  methyl  green,  and  then  strongly  dried,  it  will  acquire 
a  violet  color.  This  reaction,  which  is  equally  applicable  to  fibres 
dyed  with  the  coloring  matter,  is  characteristic  of  methjd  green 
and  its  immediate  alhes  (e.  g.,  ethyl  green,  iodine  green). 

The  adulterations  and  impurities  of  methyl  green  and  other 
aniline  greens  are  described  on  page  300. 

Methyl  green  is  now  rarely  used  for  dyeing  wool.  When  it  is, 
sulphur  or  zinc  sulphide  is  one  of  the  best  mordants.  Silk  is 
dyed  in  a  warm  bath,  to  which  picric,  tartaric,  or  acetic  acid  is 
sometimes  added.  On  cotton,  methyl  green  is  fixed  by  means  of 
tannin. 

On  the  fibre,  methyl  green  may  be  recognized  by  the  change  of 
color  on  heating  strongly.  Excess  of  hydrochloric  acid  turns  the 
fibre  yellow,  but  the  original  color  is  restored  by  washing.  The 
dye  is  removed  by  alcohol  or  acetic  acid,  the  liquid  being  colored 
bluish-green.    Alkalies  and  reducing  agents  decolorize  the  fibre. 

Iodine  Green'  presents  the  closest  resemblance  to  methyl  green, 
w^ith  which  it  is  homologous.  As  formerly  prepared,  with  methyl 
iodide,  it  gave  off  violet  vapors  of  iodine  when  heated  with  strong 
sulphuric  acid,  but  as  at  present  manufactured,  by  the  treatment 

1  Also  known  as  Night  Green  and  Pomona  Green, 
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of  rosaniline  with  methyl  chloride,  the  dye  does  not  give  this 
reaction. 

Perkin^s  green  resembles  iodine  green,  but  is  precipitated  by 
sodium  carbonate  in  the  cold. 

Spirit-soluble  Green  is  obtained  as  an  insoluble  crystalline 
pFcrate  by  adding  picric  acid  to  a  solution  of  iodine-green  (or 
methyl-green?).  It  occurred  in  commerce  as  a  dark  green  paste, 
nearly  insoluble  in  water  but  dissolving  in  alcohol.  At  present  it 
is  obsolete. 

Malachite  Green,  or  Benzaldehyde  Green,  ^  is  obtained  by 
the  reaction  of  dimethyl-aniline  on  benzaldehyde,  whereby 
tetramethyl-paradiamido-triphenyl-methane 
is  produced,  thus: — 

C^.COH  +  2C,H,N(CH3),  =  H^O  +  H.C(C,H,)  [C,H,N(CHJ  J, 

The  hydrochloric  acid  solution  of  the  product  is  oxidized  by 
peroxide  of  lead  at  60°-80°  C. ,  preferably  wdth  addition  of  a  little 
chloranil.  The  lead  is  removed  by  sodium  sulphate,  and  the 
filtrate  treated  with  common  salt  and  zinc  chloride,  when  the 
double  zinc  compound  is  precipitated. 

The  double  zinc  chloride  of  tetramethyl-diamido-triphenyl-carbinol 
contains  3C23H24N,,HCH- 2ZnCl2  +  211^0.  It  forms  brass-yellow 
prisms,  with  a  yellowish-green  reflection. 

The  double  iron  chloride  (ferrous)  also  occurs  in  commerce  as  an 
inferior  quality  of  benzaldehyde  green. 

The  oxalate^  C23H2^N2,H2C204,-  forms  scales  having  a  green  metal- 
lic reflection. 

All  the  commercial  forms  of  benzaldehyde  green  dissolve  easily 
in  water  and  alcohol.  They  are  also  soluble  in  amylic  alcohol^ 
which  character  distinguishes  them  from  methyl  green  (and  its 
allies). 

The  free  base  of  benzaldehyde  green  is  obtained  as  a  green 
precipitate  on  adding  an  alkali  to  the  solution  of  one  of  its  salts. 
The  precipitate  is  soluble  in  ether  and  petroleum  spirit,  and  after 
crystallization  from  the  latter  solvent  forms  colorless  needles, 
which  melt  at  126°-130°  C. 

The  base  of  malachite  green  combines  with  both  one  and  two 
molecules  of  picric  acid  to  form  insoluble  picrates. 

'  Also  known  as  Malachite  Green  B,  Benzol  Green,  New  Victoria  Green,  New 
Green,  Solid  Green,  Solid  Green  0,  Diamond  Green,  Dragon  Green,  Benzoyl 
Green  and  Fast  Green. 
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The  solutions  of  benzaldehyde  green  are  bluish -green.  By  con- 
centrated hydrochloric  acid  they  are  changed  to  orange-yellow,  but 
the  green  color  is  restored  by  dilution.  Hypochlorites  decolorize 
the  solution,  and  stannous  chloride  forms  a  green  precipitate. 

Benzaldehyde  green  may  be  detected  on  fibres  dyed  with  it  by 
the  orange  coloration  with  hydrochloric  acid,  restored  to  green  by 
washing,  and  by  the  decolorization  produced  by  ammonia,  soda, 
or  soap.  From  methyl  green  it  is  distinguished  by  not  turning 
violet  when  heated. 

Ethyl  Green  (Brilliant  Green,  Malachite  Green 
G,  New  Victoria  Green,  Emerald  Green,  Fast  Green 
J,  Diamond  Green  G,  Smaragdgreen,  and  Solid 
Green  J,  J  JO)  is  homologous  with  Malachite  Green,  and  con- 
sists either  of  the  sulphate  or  zinc  chloride  compound  of  tetraethyl- 
diamido-triphenyl-carbinol.  It  is  prepared  in  a  manner  similar  to 
that  of  malachite  green,  diethylaniline  being  substituted  for  the 
dimethylaniline.  The  dyeing  power  of  brilliant  green  is  not  so 
intense  as  that  of  malachite  green,  and  its  shade  is  yellower. 

Victoria  Green  3  B(New  Fast  Green  3  B,  and  N e w 
Solid  Green  BB),  is  a  chlorinated  malachite  green,  being 
obtained  from  dichlorbenzaldehyde  and  dimethylaniline.  It 
occurs  as  the  hydrochloride  (or  zinc  chloride  compound)  of  tetra- 
methyl-diamido-dichlor-triphenylcarbinol.  In  its  general  prop- 
erties it  is  about  the  same  as  malachite  green,  but  it  dyes  a  bluer 
shade  than  the  latter. 

Helvetia  Green  (Acid  Green)  is  the  type  of  the  sulphon- 
ated  aniline  greens,  the  reactions  of  which  have  already  been 
described.  It  differs  from  benzaldehyde  green  by  giving  no 
precipitate  with  caustic  soda  in  dilute  solutions,  though  strong 
soda  solution  produces  a  wliite  precipitate.  On  the  fibre,  acid 
green  closely  simulates  benzaldehyde  green,  but  is  turned  greenish- 
yellow  by  hydrochloric  acid,  the  liquid  itself  becoming  yellow; 
whereas  fibres  dyed  wuth  benzaldehyde  green  become  bright 
orange,  and  give  up  very  little  color  to  hydrochloric  acid.  In 
each  case  the  original  green  color  is  restored  })y  washing  with 
water.  From  methyl  green,  Helvetia  green  is  distinguished  by  the 
fibres  not  becoming  violet  when  heated. 

LightGreenSF(  bluish)  and  Light  G  r  e  e  n  S  F  (yel- 
low), are  disulphonic  acid  derivatives  of  the  benzaldehyde  group. 
They  are  prepared  by  heating  benzaldehyde  with  benzyldiniethyl- 
(or  diethyl)  aniline  and  suli)honating  the  products  so  obtained  by 
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means  of  fuming  sulphuric  acid;  subsequent  oxidation  gives  the 
dyestuffs.  The  yellow  shade  dyestuff  is  also  met  with  under  the 
names  Acid  Green  SOF,  Acid  Green  D,  Acid  Green 
J  J,  and  Light  G  r  e  e  n  S,  while  the  blue  shade  is  sometimes 
called  Acid  Green  and  Acid  Green  M. 

Adulterations  of  Aniline  Greens.  Iodine-green  varies  much 
in  price  and  quality,  the  commercial  value  not  always  following 
the  dyeing  properties,  which  in  samples  of  the  same  price  may 
vary  as  much  as  50  per  cent.  Crystallized  greens  are  usually 
purer  than  the  amorphous  kinds,  but  not  always.  Aniline  greens 
vary  much  in  tint,  yellow  shades  being  due  to  picric  acid  or  other 
yellow  dye,  and  green  ones  to  soluble  anihne  blue.  The  latter, 
when  present  in  small  proportion,  is  best  recognized  by  yellow 
light.  Large  amounts  may  be  detected  by  treating  the  dye  Avith 
picric  acid  and  glycerin,  when  the  green  remains  insoluble,  and 
any  blue  admixture  may  be  recognized  by  the  color  and  characters 
of  the  filtered  liquid.  If  the  dye  be  the  picrate  of  "  verdaniline  " 
mixed  with  soluble  blue,  mere  treatment  with  water  is  sufficient 
to  detect  the  admixture.  Free  picric  acid  may  be  detected  by 
agitating  with  water  and  ether,  and  a  picrate  in  the  manner  already 
described  (page  118). 

Some  greens  contain  accidental  admixtures  of  sodium  acetate 
and  black  insoluble  bodies,  besides  some  aniline  violet.  Methyl 
green  of  good  quality  dissolves  entirely  in  boiling  alcohol.  If  a 
greenish-white  residue  be  left,  which  turns  violet  when  heated,  it 
probably  consists  of  the  hydrochloride  ofnonamethyl-para- 
leucaniline,  Cj9Hj3(CH3)g(CH3Cl)3.  This  body  is  often 
present  in  considerable  proportion  in  methyl-green  which  has  not 
been  purified  by  alcohol,  and  is  sometimes  added  as  an  adulterant. 

In  water,  methyl  green  should  dissolve  entirely  with  bluish- 
green  color.  A  residue  of  green  may  consist  of  the  picrate,  which 
is  entirely  soluble  in  alcohol  or  dilute  caustic  soda.  The  aqueous 
solution  of  methyl  green  should  yield  no  pre(*ipitate  in  the  cold 
with  dilute  soda  or  sodium  carbonate.  A  precipitate  will  probably 
consist  of  the  base  of  methyl-violet,  which  after  separation  may 
be  recognized  by  its  color  and  reactions  of  its  solution  in  hydro- 
chloric acid.  Its  presence  is  due  to  defective  purification  of  the 
coloring  matter. 

Intentional  additions  of  sugar  are  occasionally  made  to  aniline 
greens,  and  compounds  of  magnesium,  lead,  and  chromium  have 
been  met  with.  Arsenic  is  found  in  some  samples.  Zinc  chloride 
is  a  normal  constituent  of  soluble  and  malachite  greens. 
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Commercial 
Name. 

Formula. 

Remarks. 

Parafuchsin, 

/(1)C6H,(4)NH, 
Cf  (l)CeH^(4)NH2Cl+4H20 
\(l)CeH4(4)NH, 

Pure  hydro- 
chloride of 
pararosa- 
niline. 

Magenta 
Fuchsin 
Aniline  Red. 

/(l)C6H4(4.NfI,  /'^^^^^^{{il^ul 
C=(l)C6H4(4jNH,Cl+4H20  &  C=(1)C6H4(4)NH,C1+4H,0 
\(l)CeH4(4jNH2  \a)CeHJ4)NH2 

Mixture  of  hy- 
drochloride 
and  acetate 
of  pararosa- 
niline  aud 
rosaniline. 

Acid  Magenta. 
Fuchsin  S, 
Rubin  S. 

^(1)C6H3 

C-(l)CeH3- 

(1)C6H3. 

f(3)S03Na 
i(4)NH2 
r (3)S03  ^ 

[  (3)S03Na 
l(4)NH2 

Sulphonation 
of  fuchsin. 

Iso  Rubin. 
New  Fuchsin. 

^(l)CeH3- 
C=(l)CeH3- 
(l)CsH3- 

r(3)CH3 
l(4)NH, 
f(3)CH3 

(4)NH,C1 
r(3)CH3 
L(4)NHa 

Patent  Blue 
V,  U.  extra, 
superfine. 

/(l)CeH4(4)N(C,H3), 

^  r(3)0H 

C  WCeHJ  (4)S03-^Ca 

\\  l(6)S020 

Nl)CeH,(4)N(C«HJ, 

Diphen  y  1- 
amine  Blue, 
spirit  soluble. 

/(1)C6H4(4)NH.C6H5 
C=(l)CeH,(4)N.C6H, 
^(1)C6H4(4)NH.C6H5.HC1 

Phenylating 
pararosani- 
line. 

Azuline. 

Impure  diphenylamine  blue. 

Methyl  Blue. 

/(l)C6H4(4)NH.C6H4.S0^Na 
C(0H)f  (])C6H4(4)NH.CeH4.S03Na 
\(l)C6H4(4)NH.C6H4.S03Na 

From  diphe- 
nylamine 
blue. 

Spirit  Blue. 
Aniline  Blue. 

/(l)CeH^(4)NH.C«H6 
C=(l)CeH4(4)N.C^H5 

(1)C6H3 1  {4j§H!c6HB.HCl 



Soluble  Blue. 

(l)CeH3  { [4jNH!CfiH4.S03Na 
C(0H)f  (l)C6H4(4)NH.C„H4.SO,Na 
\(l)C6H4(4)NH.C6H4.S03Na 

From  aniline 
blue. 

Alkali  Blue. 
Nicholson 
Blue. 

(l)CcH3{55jNH=;C^.H5 
C(0H)f  (1)C„H,(-1)NH.C,H5 

\(l)CoH4(4)NH.C6ll4-S03Na 

From  aniline 
blue. 

Alkali  Blue  D, 

/(l)CeH,(4)NII.C.H6 
C(0H)f  a)CV.H4(4)NII.C«H5 

\  l)CeH4(4)NH.C6n4l603Nd 

From  diphe- 
nylamine 
blue. 
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Character 

OF  DYESTUFF. 

Reactions  of  Aqueous 
solution. 

Reaction  of  Dye  with 
Sulphuric  Acid. 

Other  Charac- 

rf  171  p  Tf  TTOa 
1  Ji±Vii,J,lCS. 

With 
Caustic 
Soda. 

With  Hy- 
drochloric 
Acid. 

With. 
Strong 
Acid. 

On  Dilution 
with  Water. 

Green  crystals; 
red  solution. 

Red  ppt. 

Yellow. 

Yellow. 

Colorless. 

Soluble  in  alco- 

h9l. 
Basic  dye. 

Green  crystals; 
red  solution. 

Decolor- 
ized. 
Red  ppt. 

Yellow. 

Brownish- 
yellow. 

Colorless. 

Soluble  in  alco- 
hol. 
Basic  dye. 

Green  crystals; 
crimson  solu- 
tion. 

Decolor- 
ized. 

No  change. 

Yellow. 

Red. 

Slightly  soluble 

in  alcohol. 
Acid  dye. 

Green  powder; 
red  solution 
in  hot  water. 

Red  ppt. 

Yellow. 

Yellow. 

Red. 

Soluble  in  alco- 
hol. 
Basic  dye. 

Copper-red  pow- 
der; blue  solu- 
tion. 

No  change; 
violet  on 
boiling. 

Green,  yel- 
low. 

Yellow. 

Green. 

Soluble  in  alco- 
hol. 
Acid  dye. 

Brown  powder; 
insoluble. 

Yellow. 

Blue  ppt. 

Soluble  in  alco- 
hol. 
Basic  dye. 

Dark  blue  cop- 
pery powder; 
insoluble  in 
water. 

Orange. 

No  change. 

Yellow. 

Blue  ppt. 

Soluble  in  alco- 
hol. 
Obsolete. 
Basic  dye. 

Dark  blue  pow- 
der; blue  solu- 
tion. 

Brown. 

No  change. 

Brown, 

Blue. 

Basic  dye. 

Bronzy  powder; 
■insoluble. 

Brown. 

No  change. 

Yellow. 

Blue  ppt. 

Soluble  in  alco- 
hol. 
Basic  dye. 

Blue  copper 
powder;  blue 
solution. 

Brown. 

Slight  ppt. 

Orange. 

Blue  ppt. 

Acid  dye. 

Dark  blue  Tpow- 
der;  blue  solu- 
tion. 

Brown. 

Blue  ppt. 

Red. 

Blue. 

Soluble  in  alco- 
hol. 
Acid  dye. 

Dark  blue  pow- 
der; blue  solu- 
tion in  hot 
water. 

Brown. 

Blue  ppt. 

Brown. 

Blue  ppt. 

Acid  dye. 
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Commercial  Name. 

Formula. 

Remarks 

Bavarian  Blue  DSF. 

C(OH)^ 

(l)C6H4(4)NH.C6H4.S03Na 
1  CeH44)NH.CeH6 
1  CeH^  4)NH.C6H4.S03Na 

From  diphenylamine 
blue. 

Victoria  Blue  B,  BS. 

/(l)CeH4(4)N(CH,), 
Cf(l)C6H4(4)N(CH3),.Cl 

From  phenyl-a-naph- 
thylamine. 

Victoria  Blue  4  R. 

/(l)CeH^(4)N(CH3), 
C^(l)CeH4(4)N(CH3)2.Cl 

Nl)CeH,(4)N{gf;H^ 

Night  Blue. 

/(1)C«H,(4)N(C,H3)2  ^ 
C^(1)C6H4(4)N(C2HJ2.C1 
\(l)CioH6(4)NH.CeH,.CH3 

Alpine  Blue. 
Fast  Wool  Blue. 

mc  H  /(3)S03Na 
(l)CeH3|(4)N(CH3). 

C-(l)CeH3|;4)N(CH3), 

(l)CeH,(4)N  {g|i^fc3H,.S03 

Alkali  Blue  XG. 

The  sodium  salts  of  the  sulphonic  acids 
of  ^-naphthylated  rosaniline. 

Soluble  Blue  XG. 

Similar  to  preceding. 

Methyldiphenyl- 
amine  Blue. 

c( 

(l)C6H4(4)N(CH3.)CeH5 
(1)C6H,(4)N(CbH,)HC1 
(l)CeH,(4)N(CH3)C6H5 

From  chloranil. 

Hochst  New  Blue. 

/(l)CeHJ4)N(CH3)r,H4R03Na 
C(OH)f-  l)C6H^(4)N(CH3)CeH4S03Na 
\(l)C6H4(4)N(CH3)C6H4S03Na 

Bradford  Blue. 

Hydrochloride  of 
ated  rosaniline. 

meta-amido-phenyl- 

Glacier  Blue. 

/ 

(l)CeH3-j 

1)C6H3C 

(3)  CH3 

(4)  NH.CIl3 

(3)  CH3 

(4)  NHC1.CH3 

^2 



Cyanol  extra. 
Acid  Blue  6  G. 

(i)Cen3- 

C(0H)^(l)CeH3- 

(3)  cn3 

(4)  NH.CJls 
t(3)CH3 

(4  NH.r.Hs 
•(2)S03Na 
(4  RO^Na 

(5  oii 

Cyanin  B. 

Not  determined. 

Oxidation  of  Patent 
Blue  V. 
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1. 

Character  of 
Dyestuff. 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  Acid. 

Other  Charac- 
teristics. 

With 
Caustic 
Soda. 

• 

With  Hy- 
drochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilution 
with  Water. 

Indigo-blue 
powder;  blue 
solution. 

Red. 

Darker. 

Brown. 

Blue. 

Blue  dye  for  silk. 

Bronzy  powder; 
blue*  solution. 

Brown  ppt. 

Blue  ppt. 
soluble  in 
excess. 

Orange. 

Blue, 

Soluble  in  alco- 
hol. 
Acid  dye. 

Bronzy  powder; 
violet  solu- 
tion. 

Brown  ppt. 

Blue  ppt. 
soluble  in 
excess. 

Brown. 

Blue. 

Acid  dye. 

Bronzy  powder; 
bluish  -  violet 
solution. 

Brown  ppt. 

Blue  ppt. 
soluble  in 
excess. 

Brown. 

Blue. 

Soluble  in  alco- 
hol. 
Acid  dye. 

Violet  powder; 
blue  solution. 

Blue  ppt. 

Yellow. 

Green. 

Blue. 

Soluble  in  alco- 
hol. 

Black  lumps; 
greenish  -  blue 
solution. 

Black  ppt. 

Blue  ppt. 

Brown. 

Blue  ppt. 

Acid  dye. 

Reddish  pow- 
der; blue  solu- 
tion. 

Claret. 

Blue  ppt. 

Brown. 

Blue  ppt. 

Acid  dye. 

Coppery  lumps; 
insoluble. 

Red  (alco- 
holic so- 
lution). 

No  change 
(alcoholic 
solution). 

Yellow. 

Blue  ppt. 

Soluble  in  alco- 
hol. 
Obsolete. 

Dark  blue  pow- 
der; blue  solu- 
tion. 

Decolor- 
ized. 

Precipitate. 

Red. 

Blue  ppt. 

Slightly  soluble 

in  alcohol. 
Acid  dye. 

Bronzy  powder; 
violet  solu- 
tion. 

Brown  ppt. 

Blue  ppt. 

Brown. 

Blue  ppt. 

Soluble  in  alco- 
hol. 
Obsolete. 

Violet  powder; 
greenish  -  blue 
solution. 

Orange. 

Green  ppt. 

Yellow. 

Green  ppt. 

Soluble  in  alco- 
hol. 
Basic  dye. 

Dark  blue  pow- 
der; blue  solu- 
tion. 

Red  on 
boiling. 

Yellow. 

Yellow. 

Blue. 

Acid  dye  for  wool. 

Coppe  r-red 
powder;  blue 
solution. 

Violet, 

Yellow. 

Yellow. 

Green. 

Acid  dye  for  wool. 

-1 
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Commercial 
Name. 

Formula. 

Remarks. 

Patent  Blue  A. 

^(l)CeH,(4)N|g|j^^CeH, 

C-(1)C6H4(4)N  „ 

^  r(5)0H 
(DCeH  J  {4)S03.iCa 
i(2)S02.0 

Victoria  Blue  R. 
New  Victoria  Blue. 

/(1)C6H,(4)N(CH3). 
C==(l)C6H4(4)N.Cl.(Crf3)2 
\(ljCioHe(4)NH.C2H5 

Chrome  Blue. 

/(DC 
C(OH)Al)C 

(1)C 

eH4(4)N(CH3), 
eH4(4)N(CH3), 

XT  /(a)OH 
10^6  ICO2H 

Methyl  Violet  B. 

/(l)CsH4(4)N(CH3), 
C=(1)C6H4(4)N(CH3)2C1 
\(1)C6H4(4)NH.CH3 

Oxidation  of 
dimethylaniline. 

Crystal  Violet. 

/(l)CeHJ4)N(CH3)2 
CHl)CeH4  4)N(CH3)2C1 
\(1)C6H,(4)N(CH3)2 

Benzyl  Violet. 

/(DC6H,(4)N(CH3), 
C=(DC6H4(4)N(CH3)2C1 

(l)CeH.(4)N{gg3^,^jj, 

From  methyl  violet. 

Ethyl  Violet. 

/(DCeH.mNCC^HJ^ 
cAl)CeH,(4)N(C,H3)2Cl 
\(l)C6H4(4)N(C2Hs)„ 

From  diethylaniline. 

Hoffmann  Violet. 

(DCeH3{S^jgl3 

C=(DCeH4(4)NH.C2H5.Cl 
\a)CeH4(4)NH.C2H6 

Regina  Purple. 

/(1)C6HJ4)NH.C6H4.CH3 
C=(DC6H4(4)NH 
\(1)C6H4.NH3 

By-product  from 
magenta. 

Spirit  Violet. 

Hydrochloride  of  diphenyl-rosaniline  (?). 

Soluble  Regina  Violet. 

Sodium  salt  of  diphenyl-rosaniline-tri- 
sulphonic  acid. 

Action  of  sulphuric 
acid  on  preceding. 

Red  Violet  5  RS. 

(l)CoH3^ 

/ 

C=(l)CeH2^ 

\ 

(DCeHa- 

r(3)S03Na 
1  (4)NH.C2Hb 
■(3)CH3 
(4)NH, 
,(5)S03 
f  (3)S03Na 
L(4)NH, 

From  ethylrosaniline. 

Red  Violet  4  RS. 

(DCeHa- 

/ 

C=(l)CeH,^ 
\ 

(DCeHa 

r(3)S0^Na 
1  (4)NH.CH3 
■(3)CH3 
(4)NH2^ 

f(3)S03Na 
L(4)N11.CU3 

From  dimethylrosani- 
line. 
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Character  of 
Dyestuff. 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  Acid. 

Other  Charac- 
teristics, 

With 
Caustic 
fSoda. 

With  Hy- 
drochloric 
Acid. 

With 
Strong- 
Acid. 

Yellow. 

On  Dilution 
with  Water. 

Copper-red 
powder;  blue 
solution. 

Violet  on 
heating. 

Green  with 
precipita- 
tion of 
color  acid. 

Green  with 
ppt.     o  f 
color  acid. 

Soluble  in  alco- 
hol. 

Acid  dye  for  wool. 

Blue  powder; 
blue  solution 
in  hot  water. 

Brown  ppt. 

Brown  ppt. 

Yellow. 

Green, 

Basic  dye. 
Soluble  in  alco- 
hol. 

Black  paste; 
blue  solution. 

No  change. 

Brown. 

Red. 

Brov/n. 

Soluble  in  alco- 
hol. 

Mordant  dye  for 
wool. 

Green  metallic 
jxjwder;  vio- 
let solution. 

Brown  ppt. 
and  color. 

Brown. 

Yellow. 

Violet. 

Soluble  in  alco- 
hol. 
Basic  dye. 

Bronze  crystals; 
violet  solu- 
tion. 

Violet  ppt. 

Blue,  green, 
finally 
yellow. 

Yellow. 

Green,  blue, 
finally 
violet. 

Soluble  in  alco- 
hol. 
Basic  dye. 

Metallic  pow- 
der; violet  so- 
lution. . 

Brown  ppt. 
and  color. 

Brown. 

Yellow. 

Violet. 

Soluble  in  alco- 
hol. 
Basic  dye. 

Green  crystal- 
line powder; 
violet  solution. 

Violet  ppt. 
melting  on 
heating. 

Orange. 

Yellow. 

Green. 

Basic  dye. 

Green  crystal- 
line powder; 
violet  solu- 
tion. 

Brown  ppt. 

Yellow. 

Brown. 

Violet. 

Basic  dye. 

Green  powder; 
violet  solu- 
tion. 

Brown  ppt. 

Brown,  Brown, 
blue  on 
dilution.  1 

llo  change. 

Basic  dye. 

Green  grains; 
violet  solution. 

Deeol o  r - 
ized. 

Green  ppt.  |  Brown. 

Violet  ppt. 

Soluble  in  alcohol. 
Basic  dye. 

Bronze  powder;  Lighter, 
violet  solution. 

Violet  ppt. 

Acid  dye  for  wool. 

Violet  metallic 
lumps;  violet 
solution. 

Yellow. 

No  change. 

Yellow. 

Violet. 

Acid  dys. 

Violet  powder; 
violet  solu- 
tion. 

Orange. 

No  change. 

Yellow. 

Violet, 

Acid  dye. 

20 
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Commercial 
Name. 

Formula. 

i  Remarks. 

Acid  Violet  4  BN,  6  B, 

/(l)CeH,(4)N(CH,), 
C(OH)— (1)C6H4(4)N(CH3)2 

(l)CeH,(4)N{^g3c^jj^gO^N^ 

Sensitive  to  alkalies. 

Acid  Violet  6  B  (Ber- 
lin). 

/(l)CeH,(4)N{g|H5^^^^gQ^^^ 
C=(1)C6H4(4)N(CH3)2 
Nl)C,H,(4)N{g|S5^^jj^gO^>0 

Formyl  Violet  S  4  B. 

/(1)C6H4(4)n|S??V  tt  an 
C=(1)C6H4(4)N(C2H6)2 

\l)CeH,(4)N{^Jj^^CeH,.S0,>0 

Used  as  a  substitute 
for  indigo-carmine. 

AiKaii  Violet. 

V(1)C6H4(4)N(C2H5)2 

C(0H)^(l)CeH4{4)N(C2H5)2 

\l)C,H,(4)N{gfj|^gO^Na 

May  be  dyed  in  alka- 
line, neutral  or  acid 
bath. 

Chrome  Violet. 

C(0H)^(1)C6H4(4)N(CH3)2  . 

Fast  Acid  Violet  10  B. 

/a)CeH,(4)N(CH3)2 
C^(1)C6H4(4)N(CH3)2 

^(4)NjcH2.C6H,.S03 

Acid  Violet  6  BW. 

^(1)C6HJ4)N(CH3)2 

C(0H)-(l)CeHJ4)N(CH3)2 
\  f(2)0.C2H, 

(l)CeH2^  (4)NH.CeH4.CH3 
U5)S03Na 

Acid  Violet  7  B. 

^(1)C6H4(4)N  j  c,H,.S03Na 
C(0H)-(l)CeH,(4)N{gfj|^g0^I,^ 

(l)CeHJ4)N(C,H5)2 

Methyl  Green. 

/(l)C6H4f4)N(CIl3)2 
C=(1)C6H4  4)N(CH3),Cl+ZnCl2 
\(l)CeH4(4)N(CU3)'3Cl 

From  methyl  violet. 

Iodine  Green. 

(l)CeH3{{^j^^(?jj^, 

C=(l)CeH4(4U\(CH3)2Cl  +  ZnCl2 
\(l)CeH,(4)N(CH3L 

From  Hoffmann  vio- 
let. 

Malachite  Green. 

/(1)C6H4M)N(CIT3)2 
C^  l)CcH4(4)N(CH3)2Cl 

From  bonzaldehyde. 

Ethyl  Green. 

/mCeH,r4)Nrc2HrJ. 

C=(l)CoH,  4)N  C2HJ2-S04H 
\(l)CoH6 

From  benzaldehyde. 
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Character  of 
Dyestuff. 

Reaction  of  Aqueous 
Solution, 

Reaction  of  Dye  with 
Sulphuric  Acid. 

Other  Charac- 
teristics. 

With 
Caustic 
Soda. 

With  Hy- 
drochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilution 
with  Water. 

Violet  powder; 
violet  solu- 
tion. 

Blue  ppt. 

Blue  ppt. 

Yellow. 

Blue. 

Acid  dye. 

Violet  powder; 
violet  solu- 
tion. 

Light  blue. 

Bluish- 

Brown. 

Bluish- 

Soluble  in  alco- 
hol. 
Acid  dye. 

Violet  powder; 
violet  solu- 
tion. 

Violet  ppt. 
soluble  in 
excess. 

Orange. 

Blue. 

Soluble  in  alco- 
hol. 
Acid  dye. 

Violet  powder; 
violet  solu- 
tion. 

Blue  ppt. 

Violet  ppt. 
soluble  in 
excess. 

Orange. 

Green  ppt. 

Acid  dye. 

Black  paste;  in- 
soluble. 

Violet  solu- 
tion and 
black  ppt. 

Brown. 

Brown. 

Redder. 

Soluble  in  alco- 
hol. 
Mordant  dye. 

Grey  powder; 
violet  solu- 
tion. 

Yellow. 

No  change. 

Orange. 

Yellow. 

Sokible  in  alco- 
hol. 
Acid  dye. 

Violet  powder; 
violet  solu- 
tion. 

Decolorized. 

Redder. 

Orange. 

Violet. 

Soluble  in  alco- 
hol. 
Acid  dye. 

Violet  powder; 
violet  solu- 
tion. 

Violet  ppt. 

Green. 

Orange. 

Violet. 

Soluble  in  alco- 
hol. 
Acid  dye. 

Green  crystals; 
bluish  -  green 
solution. 

Decolorized. 

Orange. 

Orange. 

Green. 

Basic  dye. 
Obsolete. 

Green  frag- 
ments; bluish- 
green  solution. 

Decolorized. 

Orange. 

Orange. 

Green. 

Basic  dye. 
Obsolete. 

Green  or  yellow 
cr>'stals;  blu- 
ish-green so- 
lution. 

Decolorized, 
and  green 
ppt. 

Orange. 

Yellow. 

Green. 

Basic  dye. 
Precipitated  by 

picric  acid. 
Soluble  in  alcohol. 

Golden  crystals; 
green  solution. 

Decolorized, 
and  green 
ppt. 

Orange. 

Yellow. 

Green. 

Basic  dye. 
Soluble  in  alco- 
hol. 
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Commercial 
Name. 

Formula. 

Remarks. 

Victoria  Green  3  B. 

/(1)C6H,(4)N(CH3U 
C==(l)CeH,(4)N(CH3  2CI 

^(l)CeH3Cl3 

From  dichlorbenz- 
aldehyde. 

Helvetia  Green. 

/(l)CeH,(4)N(CK3)2 
C(0H)^(l)C6H4(4)S03Na 

M1)^6H4(4)JN(CH3)2 

From  malachite 
green. 

Guinea  Green  B. 

/l)CeHJ4)N{g|H.^^^^^^ 
C(0H)-(1)C6H5 

Nl)CeH,(4)N{g|H«CeH,.S03Na 

From  henzaldehyde. 

Light  Green  SF 
(bluish). 

/(l)CeH,(4)N{gg3c^H^S0^.^^ 
C(OH)— (l)C6H4(4)S03Na ' 

\l)CeH,(4)N{gg3c^H,.S03Na 

From  henzaldehyde. 

Light  Green  SF 
(yellowish). 

(l)CeH,(4)N{gg3c^jj  SO 
C(U±1 ) — (i)C6ll4(4)teU3JNa 

\(l)CeH4(4)N{gg3c^3^S0^j,^^ 

From  henzaldehyde. 

Fast  Green. 

/(l)CeH4(4)N(CH3)2 
C(OH)f  (1)C6H4(4)N(CH3)2 

From  nitrohenzalde- 
hyde. 

Guinea  Green  BV. 

/(l)C6H4(4)N|^?J^Sp  ^    C!n  Ma 

C(0H)-(l)C6H4(3)N0o 

\l)CeH4(4)N{g|H^C^H4.S03Na 

From  nitrobenzalde- 
hyde. 

Alkali  Green. 
Viridine. 

/(1)C6H5 

C==(l)C6H4(4)NH.C6H4.S03Na 
\(l)CeH4(4)NH.C6H3 

From  benzyl  chlor- 
ide and  dipheny- 
lamine. 

Azo-Green. 

/(l)^6H4(4)N(CH3)2 

C(0H)^{l)CeH4(4)N(CH3)2 

^l)CeH4(3)N=N(l)CeH,{(^)Ca,H 

From  salicylic  acid. 

Chrome  Green. 

C(OH)f  fl)C„H4(4)N(CH3)2 
\(1)C6H4(3)C02H 

From  benzoic  acid. 

Wool  Green  S. 

/(1}C„HJ4)N(CH3)2 
C=a  CoH,(4)N(Cn3  ..SOaNa 
\  l)C,on6(2)OH 
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Character 
OF  Dyestuff. 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  Acid. 

Other  Charac- 
teristics. 

With 
Caustic 
Soda. 

With  Hy- 
drochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilution 
with  Water. 

Green  crj-stals; 
greenish -blue 
solution  in  hot 

gelatinizes  on 
cooling. 

Orange. 

Yellow, 

Yellow. 

Green. 

Soluble  in  alco- 
hol. 
Basic  dye. 

Green  powder; 
bluish  -  green 

Decolor- 
ized. 

Brown  ppt. 

Yellow. 

Green. 

Obsolete. 
Soluble  in  alco- 
hol. 
Acid  dye. 

Green  powder; 
green  solu- 
tion. 

Green  ppt. 

Yellow. 

Yellow. 

Green. 

Soluble  in  alco- 
hol. 
Acid  dye. 

BaCla. 

Brown  -black 
powder;  green 
solution. 

D  e  c  0 1  o  p 
ized;  vio- 
let ppt. 

Yellow. 

Yellow. 

Green. 

Soluble  in  alco- 
hol. 
Acid  dye. 

Green  powder; 
green  solu- 

Decolor- 
ized;  vio- 
let ppt. 

Yellow. 

Yellow. 

Green. 

Soluble  in  alco- 
hol. 

Bluish-  green 
cr5'stals;  vio- 
let solution. 

No  change; 
with  ex- 
cess vio- 
let ppt. 

Yellow. 

Yellow. 

Green,  blue, 
and  finally 
violet. 

Soluble  in  alco- 
hol. 
Acid  dye. 

Green  powder; 
tion. 

Decolor- 
ized. 

Green  ppt. 

Brown. 

Green. 

Soluble  in  alco- 
hol 
Acid  dye. 

^jrlccH  pu\v*-icr, 

green  solu- 
tion. 

Brown. 

Green  ppt. 

Red. 

Green  ppt. 

Soluble  in  alco- 
hol. 

green  solu- 
tion. 

Clear  solu- 
tion. 

Red. 

Brown. 

Red  ppt. 

Soluble  in  alco- 

hoi. 
Mordant  dye. 

Brown  powder; 
green  solu- 
tion. 

Decolor- 
ized. 

Orange. 

Orange. 

No  change. 

Soluble  in  alco- 
hol. 
Mordant  dye. 

Violet  powder; 
green  solu- 
tion. 

Violet. 

Yellow. 

Violet. 

Green. 

Soluble  in  alco- 
hol. 
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Rosolic  Acid  Derivatives. 

If  the  amido-group  in  rosaniline  be  replaced  by  the  hydroxyl- 
group,  we  obtain  a  body  called  rosolic  acid,  which  forms  the 
base  of  a  number  of  dyestuffs. 

The  carbinol  (HO)C— CgHpH  is  unknown,  but  its  anhydride 

is  met  with  in  a  u  r  i  n,  or  pararosolic  acid,  which  has  the  formula: 

/C,H,OH 
C-C,H,OH 

Xh,.o 


By  heating  phenol  with  oxalic  and  sulphuric  acids  a  yellowish- 
red  coloring  matter  is  produced.  The  nature  of  the  reaction  was 
long  misunderstood,  but  later  researches  have  shown  that  at  least 
two  homologous  bodies  had  been  previously  confounded,  namely : — 

Aurin,  or  Pararosolic  Acid,  C^gHj^g,  or 

(C,Ha  c  |CeH,(OH).  ^ 
|0—  I  ^  |C,HX0H)' 

Rosaurin,  Rosolic  Acid,  or  Methyl-aurin,  C^^H^p^,  or 

fCeH/CH,)-)  (C,H.(OH) 

The  formula  expressing  the  formation  of  aurin  is : — 

3C,H,0  +  C,H,0,  =  C,,}I,p,  +  CUfi^  +  2H,0. 

Aurin  and  rosaurin  may  also  be  obtained  by  the  action  of 
nitrous  acid  on  pararosaniline  and  rosaniline  respectively: — 

C,.H,,N30  +  3HN0,  =  C,„H„0,  -h  4H,0  +  3N,. 

Or  a  dilute  solution  of  aniline  hydrochloride  may  be  treated 
with  sodium  nitrite,  when  diazorosaniline  chloride  is  formed,  and 
then  on  adding  sulphuric  acid  and  boiling  rosolic  acid  is  produced. 

Conversely,  when  aurin  and  rosaurin  are  heated  with  aqueous 
ammonia  under  pressure  to  200°  C.  they  are  reconverted  into 
])ararosaniline  and  aniline  respectively: — C,,,HjP3  +  3NH3 — 
(^,Jl„N30-h2H,p. 

From  these  reactions  it  appears  that  aurin  and  rosaurin  are 
derivatives  of  triphenylmethane,  011(0^115)3. 

Pure  aurin  may  be  obtained  from  the  commercial  product  by 
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passing  ammonia  gas  through  a  saturated  alcoholic  solution  of  the 
latter,  when  steel-blue  crystals  of  ammonium  aurate, 
CigHjgO.  (ONHJ2,  are  deposited,  the  impurities  remaining  in 
solution.  The  washed  precipitate  may  be  decomposed  by  dilute 
hydrochloric  or  acetic  acid,  or  simply  exposed  to  the  air,  when 
ammonia  volatilizes  and  pure  aurin  remains. 

When  pure,  aurin  forms  crystalline  needles  having  an  adaman- 
tine lustre  and  the  color  of  chromic  acid,  or  else  of  a  darker  shade 
with  a  blue  or  greenish-blue  reflection.  Aurin  is  fusible,  but  not 
volatile  without  decomposition. 

Commercial  aurin  or  rosolic  acid  contains  an  atom  or  two  of 
water,  and  is  a  dark  amorphous  substance  with  a  beetle-green 
lustre.    The  powder  is  red. 

Aurin  and  rosaurin  are  but  slightly  soluble  in  water,  though 
their  solutions  have  a  reddish -yelloAV  color.  They  dissolve  very 
readily  in  hot  alcohol,  somewhat  sparingly  in  cold,  and  are  also 
moderately  soluble  in  glacial  acetic  acid,  phenol,  creosote,  and  in 
ether,  but  are  insoluble  in  benzene  and  carbon  disulphide. 

Aurin  and  rosaurin  dissolve  readily  in  solutions  of  ammonia  and 
fixed  alkalies  to  form  solutions  which  are  bluish-red  when  dilute 
and  yellowish-red  when  concentrated.  A  characteristic  change  in 
the  absorption-spectrum  occurs  on  dilution. 

Aurin  and  rosaurin  have  the  property  of  combining  both  with 
acids  and  bases.  The  former  compounds  are  the  more  definite; 
but  ether  extracts  aurin  and  rosaurin  from  its  acidulated  solutions 
and  not  from  its  alkaline  solutions. 

Solutions  of  aurin  are  decolorized  when  heated  with  sodium 
amalgam,  or  caustic  soda  and  zinc-dust,  colorless  hydraurin, 
C^HjgOg,  being  formed.  The  alkaline  solution  is  also  decolorized 
by  heating  with  excess  of  potassium  cyanide,  and  on  cooling  and 
acidulating  white  crystalline  flocks  of  hydrocyanaurin, 
CgoHjjNOg,  are  thrown  down. 

Yellow  Corallin.  This  coloring  matter  is  prepared  by  treat- 
ing 8  parts  of  pure  phenol  in  the  cold  with  3.2  parts  of  strong 
sulphuric  acid,  and  after  some  hours  adding  4.8  parts  of  oxalic 
acid,  and  heating  the  whole  to  110°  for  twenty-four  hours.  In 
addition  to  aurin  and  methyl-aurin,  more  or  less  oxidized 
aurin,  Cj^H^p,^,  and  pseudo-rosolic  acid  or  c  o  r  a  1 1  i  n  -  p  h  t  h  a  - 
lein,  C^^HjgO^,  are  also  produced,  and  a  sublimate  of  phenyl 
oxalate  has  been  observed  to  be  formed.  The  melt  is  poured 
into  water  and  purified  by  treatment  with  boiling  water.  The 
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product  is  yellow  corallin,  and  forms  a  brown  resinous  substance 
having  a  green  metallic  lustre.  It  contains  about  20  per  cent,  of 
aurin,  besides  crystalline  derivatives  of  rosolic  acid,  and  resinous 
bodies.  Its  reactions  are  identical  with  those  of  aurin.  The 
soluble  sodium  salt  of  red  corallin  is  also  called  "j^ellow  corallin." 

Red  Coralline  or  Peonin  is  prepared  by  heating  two  parts  of 
yellow  corallin  with  one  of  strong  ammonia  to  120°-140°  C,  when 
one  of  the  hydroxyl  groups  is  replaced  with  formation  of  the  sub- 
stance, C^gH^gOgCNHJ,  which  is  precipitated  on  pouring  the  liquid 
into  water  and  acidifying.  The  product  is  "spirit  soluble"  red 
corallin;  "water  soluble"  corallin  being  the  ammonium  salt. 
The  first  forms  lumps  with  a  metallic  lustre;  the  latter  a  brownish- 
red  porous  mass,  soluble  in  concentrated  sulphuric  acid  with 
yellow  color.  The  red  aqueous  solution  of  the  ammonium  salt 
is  unaltered  by  alkalies  and  precipitated  yellow  by  acids.  Basic 
lead  acetate  and  aluminium  acetate  produce  orange  or  yellow 
precipitates. 

Eupittonic  acid  has  the  constitution  of  ahexa-metliyl- 
aurin,  but  as  a  dyestuff  it  is  now  obsolete. 
Detection  of  Aurin,  &c. 

Aurin  and  its  allies  are  readily  recognized  by  their  physical 
characters,  and  by  dissolving  in  strong  sulphuric  acid  with  yellow 
color,  no  vapors  of  bromine  or  iodine  being  evolved  on  heating, 
either  with  or  without  the  addition  of  manganese  dioxide.  If  not 
readily  soluble  in  water  alone,  they  dissolve  in  dilute  ammonia 
with  non-fluorescent  purple-red  color,  which  is  not  removed  b}^ 
agitation  with  ether.  On  acidulating,  the  red  solution  is  changed 
to  yellow,  a  yellow  precipitate  being  formed  in  strong  solutions. 
This  is  readily  soluble  in  ether,  with  yellow  color,  and  on  separat- 
ing the  ethereal  layer  and  agitating  it  with  ammonia  the  latter 
acquires  a  deep  red  color.  Solutions  of  aurin  are  immediately 
decolorized  by  hypochlorites,  or  by  boihng  with  zinc-dust  and 
ammonia,  the  red  color  being  restored  in  the  latter  case  on  adding 
potassium  ferricyanide. 

Aurin  and  its  allies  are  not  now  used  in  dyeing,  as  the  yellow  or 
orange-red  shades  produced  are  very  perishable;  its  chief  use  is  for 
coloring  varnishes  and  lacquers.  The  coloring  matter  on  printed 
fabrics  is  turned  yellow  by  acids,  and  readily  removed  by  am- 
monia, the  solution  being  purple-red.  On  acidulating  this  liquid 
with  acetic  acid,  and  heating  in  it  a  tuft  of  gun-cotton,  the  latter 
is  dyed  yellow. 
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Other  Char- 
acteristics. 

Soluble  in  alco- 
hol. 

Soluble  in  alco- 
hol. 

Soluble  in  alco- 
hol. 

Soluble  in  alco- 
hol. 

Acid    or  mor- 
dant dye  for 
wool. 

Used  in  calico- 
printing. 

Reaction  of  Dye 
WITH  Sulphuric  Acid. 

On  Dilu- 
tion with 
Water. 

Yellow 
ppt. 

Precipi- 
tate. 

With 
Strong 
Acid. 

Yellow. 

Yellow. 

Yellow. 

Brown. 

Reaction  of  Aqueous 
Solution. 

With  Hy. 
droehloric 
Acid. 

No  change. 

Yellow  solu- 
tion with 
ppt. 

Yellow. 

Precipitate. 

Precipitate. 

With 
Caustic 
Soda. 

Cherry  -  red 
(alcoholic 
solution). 

No  change. 

No  change. 

No  change. 

Brown. 

Character  of 
Dyestuff. 

Brown  lumps; 
insoluble  in 
water. 

Metallic  lumps; 
red  solution. 

Brown  powder; 
red  solution 
in  hot  water. 

Yellow  powder; 
yellow  solu- 
tion. 

Brown  powder; 
red  solution. 

Remarks. 

From  phenol 
by  action  of 
oxalic  and 
sulphuric 
acids. 

Action  of  am- 
monia  on 
aurin. 

From  phenol- 
phthalein. 

From  salicylic 
acid. 
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Commercial 
Name. 

Aurin. 

Yellow  Coral- 
lin. 

Peonin. 
Corallin. 
Am-in  R. 

Aurotin. 

1 

Chrome  Vio- 
let. 
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Phthalei'ns. 

The  phthalei'ns  are  bodies  produced  by  the  reaction  of  phthalic 
acid  or  anhydride  on  phenols,  with  elimination  of  water.  At  a 
moderate  temperature,  two  molecules  of  the  phenol  react  with 
one  of  phthalic  acid  or  anhydride,  a  ' '  phthalein ' '  being  formed, 
thus: — 

Cell.  {  CaOT  +  2CeH.(H).0H  =  C,H.  {  ^^[^cflofl  +  ^OH,. 

The  product,  phenol-phthalein,  is  a  derivative  of  tri- 
phenylmethane,  and  hence  is  allied  to  pararosaniline  and  aurin,  as 
is  evidenced  by  the  following  structural  formula: 

c  ^co 

and  the  sodium  salt  of  phenolphthalei'n  is  represented  by : 

c-cz> 

HO<III>^  JoONa 

At'  a  higher  temperature,  by  the  reaction  of  one  molecule  of 
each  body,  oxyanthraquinone,  a  derivative  of  anthracene, 
is  formed: — 

{  S:OH  +  CeH,OH  =  C,H.  {  ^0  j  C,H,OH  +  20H, 

As  a  class,  the  phthalei'ns  are  weak  acid  bodies,  nearly  insoluble 
in  water,  but  soluble  in  alcohol  and  readily  so  in  ether.  Their 
salts  with  the  alkali-metals  are  soluble  and  strongly  colored.  By 
the  action  of  nascent  hydrogen,  the  phthale'i'ns  assimilate  Hg  and 
are  converted  into  the  corresponding  phthalins,  which  are 
colorless  bodies  absorbing  oxygen  from  the  air  with  re-formation 
of  phthale'i'ns.  The  phthale'i'ns  of  phenol,  resorcinol,  and  pyrogal- 
lol  are  the  most  important. 

Phenol-phthalein.  Dihydroxy-diphenyl-phthalide. 
C  H  0=CH  |CO.CJT/OII).' 
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As  already  stated,  phenol-phthalein  results  from  the  reaction  of 
phenol  on  phthalic  acid  or  anhydride/ 

Phenol-phthalein  is  not  used  in  dyeing,  and  derives  its  chief 
interest  from  the  magnificent  pink  coloration  which  its  solution 
acquires  by  the  action  of  alkalies,  the  smallest  trace  of  which  may 
thus  be  detected.  On  the  other  hand,  the  weakest  acids  destroy 
the  color,  so  that  such  bodies  as  potassium  stearate,  potassium 
cyanide,  and  sodium  bicarbonate  (NaHCOg)  are  neutral  in  their 
reaction  to  it. 

The  same  is  true  of  cold  aqueous  solutions  of  the  bodies  repre- 
sented by  the  following  formnlse: — ^KHCOg,  Na2SP3,  Na^SOg, 
NaHS,  Na,HPO„  Na^HAsO,,  NaNO,,  K^CrO,,  K,C,0,,  KNaC.Hp,, 
NagCgH.O..  In  all  these  cases  the  point  of  neutrality  is  indicated 
extremely  sharply,  and  the  same  remark  applies  to  the  titration  of 
acetic,  butyric,  and  valeric  acids.  No  small  advantage  possessed 
by  phenol-phthalein  is  that  it  reacts  perfectly  in  alcoholic  and  even 
ethereo-alcoholic  solution,  and  hence  allows  of  the  accurate  titra- 
tion of  many  insoluble  organic  acids,  including  palmitic,  stearic, 
oleic,  linoleic,  ricinoleic,  the  acids  of  colophony  (pinic,  pimaric, 
sylvic),  etc.  The  alkaloids  have  generally  no  marked  alkaline 
reaction  on  phenol-phthalein,  and  hence  the  amount  of  acid  in 
salts  of  morphine,  quinine,  cinchonine,  quinidine,  brucine,  aniline, 
and  urea,  operating,  if  necessary,  in  alcoholic  solution,  can  be 
ascertained  by  titration  with  standard  acid,  just  as  if  no  organic 
base  were  present. 

The  value  of  phenol-phthalein  as  an  indicator  of  neutrality  is 
completely  vitiated  by  the  presence  of  ammonium  salts. 

Phenol-phthalein  is  readily  soluble  in  alcohol.  A  one  per  cent, 
solution  keeps  perfectly,  and  a  few  drops  are  sufficient  for  each 
titration. 

Further  information  respecting  the  use  of  phenol-phthalein  as  an 
indicator  of  neutrality  will  be  found  in  the  section  on  "  Litmus." 

Fluorescein.     C,,H,A  =  W  {  ^g:§l^f(CH)  }  0- 

^  Five  parts  of  phthalic  anhydride,  ten  of  phenol,  and  four  of  concentrated  sul- 
phuric acid  should  be  heated  together  to  120°  C.  for  10  hours.  The  product  is 
boiled  with  water,  and  the  residue  dissolved  in  dilute  soda.  On  filteririg  the 
liquid,  the  anhydride  remains  behind,  while  the  phenol-phthalein  itself  is  preci- 
pitated on  treating  the  filtrate  with  acetic  acid  and  a  little  hydrochloric  acid.  It 
may  be  purified  by  dissolving  in  alcohol,  boiling  with  animal  charcoal,  and  repre- 
cipitating  by  diluting  the  liquid  with  boiling  water. 
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This  body  is  the  anhydrideofresorcinol-phthalein, 
C^^Hj^Og  (see  last  page).  Structurally,  it  may  he  represented  by 
the  formula: 

HO 


HO 

It  is  prepared  by  heating  three  parts  of  phthalic  anhydride  and 
four  of  resorcinol  to  200°-210°  for  one  hour,  or  till  no  more  steam 
is  evolved  and  the  melt  has  become  solid.  ^  The  product  is  puri- 
fied by  solution  in  soda  and  addition  of  phosphate  of  sodium  and 
chloride  of  calcium  to  the  solution,  when  the  phosphate  of  calcium 
carries  down  the  impurities,  and  the  fluorescein  may  be  precipi- 
tated by  acidulating  the  filtrate. 

Fluorescein  forms  an  amorphous  yellow  precipitate  which 
becomes  crystalline  and  j^ellowish-red  on  standing  or  drying,  and 
then  contains  C^oH^fl^-^-Ufi.  It  is  nearly  insoluble  in  cold 
water,  more  readily  in  acidulated,  and  sparingly  in  hot  water,  to 
which  it  imparts  a  yellow  color.  When  freshly  precipitated  it 
dissolves  readily  in  alcohol  and  ether,  but  is  nearly  insoluble  in 
benzene  and  chloroform.  The  ethereal  solution  is  pale  yellow  and 
non-fluorescent,  while  the  yellowish-red  alcoholic  solution  shows  a 
green  fluorescence. 

Fluorescein  is  a  feeble  acid,  dissolving  in  alkalies  with  dark  red 
color.  The  strong  alkaline  solution  is  not  fluorescent,  but  on 
dilution  it  changes  to  reddish-yellow  and  yellow,  and  then  exhibits 
a  magnificent  yellowish-green  fluorescence,  similar  to  that  of 
uranium  glass,  and  gives  an  absorption-spectrum  with  a  broad 
dark  band  in  the  green.  Even  if  the  solution  be  so  dilute  as  to 
appear  colorless  by  transmitted  light,  the  green  bloom  is  still 
visible.'^ 

^  For  a  valuable  description  of  the  manufacture  of  fluorescein  and  eosin  dyes, 
see  a  paper  by  O.  Miihlhauser,  Jour.  Soc.  Dyers,  etc.,  iii.  28,  63,  translated 
from  Dingier' s  Polyt.  Journal. 

2  The  beautifully  fluorescent  fountain  shown  by  1.  Levinstein,  in  the  Chemical 
Section  of  the  Manchester  Jubilee  Exhibition,  was  fed  by  water  containin<:^  1  part 
per  million  of  fluorescein.  Tiie  intensity  of  the  fluorescence  may  be  employed  for 
tracing  the  course  of  underground  rivers  and  detecting  the  pollution  of  the  water 
of  wells  by  sewage,  etc.  By  this  means  an  underground  connection  was  proved 
to  exist  between  the  Danube  and  the  Ach,  a  small  river  flowing  into  Lake  Con- 
stance. 


FLUORESCEIN. 


317 


When  a  solution  of  fluorescein  in  caustic  soda  is  heated  with 
zinc-dust  the  liquid  becomes  colorless  and  contains  fluorescin, 
C^oHjpj.  On  filtering  from  the  excess  of  zinc  and  exposing  the 
liquid  to  the  air,  it  gradually  re- acquires  its  reddish  color,  owing 
to  the  absorption  of  atmospheric  oxygen  and  re-formation  of 
fluorescein.  Or  if  the  colorless  liquid  be  acidulated  and  agitated 
with  ether,  the  fluorescin  is  dissolved,  and  on  evaporating  the 
ether  is  left  as  a  colorless  varnish,  soluble  without  coloration  in 
soda  to  form  a  liquid  which  rapidly  turns  red  in  the  air  from 
formation  of  fluorescein.  The  oxidation  is  immediate  on  addition 
of  a  ferri-cyanide  to  the  alkaline  liquid.^ 

Fluorescein  dyes  silk  and  wool  yellow,  but  the  colors  are  not 
fast.  It  forms  insoluble  lakes  with  silver,  lead,  etc.,  which  com- 
pounds are  not  poisonous,  and  hence  may  be  used  for  coloring 
toys,  india-rubber  goods,  etc. 

Benzyl-fluorescein,  C2oHj()03(OC^H^)OH,  is  produced  by  heat- 
ing benzyl-resorcinol  with  phthalic  acid  and  strong  sulphuric  acid. 
Its  sodium  salt  constitutes  the  dye-stuff  know^n  as 

Chrysolin  or  Uranin.^  A  reddish-brown  pow^der  possessing  a 
greenish  reflex.  Its  aqueous  and  alcoholic  solutions  are  yellowish- 
brown,  and  exhibit  a  remarkable  green  fluorescence,  w^hich  dis- 
appears with  formation  of  a  brown-yellow  precipitate  of  benzyl- 
fluorescein  on  addition  of  acids.  The  precipitate  is  soluble 
in  ether.  The  aqueous  solution  is  darkened  by  alkalies,  and  the 
solid  dye  dissolves  in  strong  sulphuric  acid  with  yellow  color, 
and  yields  a  yellow  precipitate  on  dilution.  With  stannous 
chloride  and  with  lead  salts,  chrysolin  gives  brilliantly  colored 
lakes.  It  dyes  silk  or  wool  a  fast  yellow,  and  is  employed  in 
cotton-dyeing  for  topping  quercitron-yellow,  the  quercitron  itself 
acting  as  a  mordant. 

^Fluoran  is  a  substance  very  similar  to  fluorescein  in  its  chemical  nature,  as 
may  be  seen  by  its  formula : 


It  occurs  as  a  by-product  in  the  crude  melt  in  the  manufacture  of  phenolphtha- 
lein. 

^  The  name  uran  in  is  also  applied  to  the  sodium  salt  of  fluorescein  or  methyl- 
fluorescein.  It  forms  a  yellowish-brown  powder,  the  aqueous  solution  of  which 
fluoresces  yellowish-green. 
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Substituted  Fluoresceins.  Eosins.' 

A  series  of  interesting  and  practically  important  coloring  matters 
can  be  obtained  by  substituting  the  halogens,  nitryl,  or  the  alco- 
hol-radicals for  some  of  the  hydrogen  atoms  of  fluorescein. 

Tetrabromfluorescein,  or  Acid  Eosin,  C^Jifirfi^,  is  prepared 
by  gradually  adding  24  parts  of  bromine  to  10  parts  of  fluorescein 
dissolved  in  eight  times  its  weight  of  strong  alcohol.  When  half 
the  bromine  has  been  added,  changes  from  reddish-brown  to  a  very 
dark  brown  color.  This  marks  the  formation  of  the  dibromo- 
derivative,"''  which  is  easily  soluble  in  alcohol.  On  continuing 
the  addition  of  bromine  the  tetrabromfluorescein  separates  as  a 
brick-red  crystalline  precipitate,  which  is  washed  with  a  little 
alcohol  and  then  with  water.  An  alternative  method  of  prepara- 
tion is  to  mix  a  solution  of  fluorescein  in  caustic  soda  with  a 
solution  of  the  calculated  amount  of  bromine  in  caustic  soda,  and 
then  acidulate  the  liquid  with  hydrochloric  acid,  when  the  tetra- 
bromfluorescein is  precipitated. 

Tetrabromfluorescein  closely  resembles  fluorescein  itself.  It  is 
nearly  insoluble  in  water,  and  its  reddish-yellow  solution  in 
alcohol  is  not  fluorescent  (distinction  from  fluorescein).  It  is  a 
well-defined  dibasic  acid,  the  salts  of  which  are  decomposed  by 
mineral  acids,  but  only  imperfectly  by  acetic  acid. 

By  cautious  treatment  with  caustic  potash,  acid  eosin  yields  the 
potassium  salt,  C^oRfirfiJ^^  +  6aq,  which  is  known  in  com- 
merce as  soluble  eosin,  and  forms  a  red  powder  or  brownish-red 
crystals  with  blue  or  yellowish-green  reflection.  It  is  not  easily 
soluble  in  absolute  alcohol,  but  dissolves  completely  in  two  or 

^  The  substituted  fluoresceins  are  now  regarded  as  possessing  a  quinonoid  struc- 

/  >o 

ture  instead  of  the  older  lactone  formula ;  C=C6H4=0    being  the  type  of  the 

\ 

C6H,.C02H 

C6H4 

/ 

eosins,  and  C=C6H4=N=  representing  the  rhodamines.    The  pyronines  or 
\ 

CeH,.COJI 

formo-rhodamines  have  an  analogous  constitution  : 

/Cell^— NR, 
HC(  >0 
^CcH3=NR,Cl 

^The  sodium  salt  of  dibromfluorescei'n,  always  mixed  with  more  or  less  of  the 
tetrabrominated  derivative,  is  known  in  commerce  as  cosin-orange. 
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three  times  its  weight  of  water  to  form  a  reddish-yellow  solution. 
This  on  dilution  becomes  rose-colored  and  exhibits  an  intense 
yellowish-green  fluorescence,  which  is  rendered  still  stronger  by 
the  addition  of  alcohol.  The  absorption-spectrum  shows  a  broad 
dark  band  in  the  green,  destroyed  by  mineral  acids,  but  not  by 
acetic  acid.  On  adding  hydrochloric  acid  the  solution  becomes 
yellow,  and  on  heating  gives  a  yellow  precipitate  of  tetrabrom- 
lluores-cein,  which  may  be  extracted  by  ether  and  removed  from 
the  ethereal  solution  by  agitation  with  an  alkali. 

The  sodium  salt  of  the  tetrabromfluorescein  is  an  article  of 
commerce  under  the  name  of  Eosin  C, '  or  in  the  form  of  garnet-red 
crystals  as  Eosin  B  extra.  It  closely  resembles  the  potassium  salt. 
The  a  m  m  o  n  i  u  m  sal  t,  known  as  Eosin  B,  of  a  red  appearance, 
is  prepared  by  the  direct  action  of  ammonia  gas  on  tetrabrom- 
fluorescein. ^ 

By  the  addition  of  a  soluble  salt  of  eosin  to  solutions  of  the 
heavy  metals,  sparingly  soluble  or  insoluble  lakes  are  obtained  as 
precipitates.  Silver  gives  red,  and  zinc,  cobalt,  iron,  manganese, 
bismuth,  and  tin  reddish-yellow  lakes. 

A  bright  vermilion  lake  may  be  obtained  by  mixing  the  solution 
of  eosin  with  starch  or  kaolin  and  precipitating  with  alum.  If 
excess  of  alkali  be  previously  added  to  the  solution,  the  precipitate 
obtained  is  carmine-red,  and  with  still  more  alkali  a  pink  lake 
results.  From  yellowish  shades  sulphate  of  zinc  or  magnesium 
should  be  used  in  conjunction  with  alum. 

Vermilionette  is  a  brilliant  lake  obtained  by  precipitating  eosin 
by  lead  acetate.  Lighter  shades  are  obtained  by  adding  soda.  A 
very  bright  vermilion-colored  product  is  obtained  by  stirring  up 
red-lead  with  an  alkaline  solution  of  eosin  and  then  adding  lead 
acetate  to  complete  precipitation.  Basic  chromate  of  lead  (chrome- 
red)  gives  even  a  brighter  red  than  red-lead.  Vermilionette  some- 
times contains  a  considerable  proportion  of  barium  sulphate  or 
other  diluent. 

Tetraiodfluorescein,  or  Iodeosin,  C^JiJ^fi^,  is  prepared  by 
mixing  solutions  of  fluorescein  and  iodine  in  caustic  soda,  and 
then  adding  acetic  acid.  Its  alkaline  salts  are  sold  as  eosin  blue- 
shade  (soluble  in  water),  eosin  J,  erythrosin,  erythrosin  B,  pyrosin  B^ 

^  Also  known  as :  Eosin  yellowish,  Eosin  GGF,  Water  Soluble  Eosin,  Eosin  A. 
Eosin  3 J,  and  Eosin  4Jf  Eosin  KS,  Eosin  DH,  and  Eosin  JJF. 

Eosin  Orange,  Eosin  SG,  Salmon  Pink,  etc.,  are  mixtures  of  di-  and  tetra- 
bromfluorescein. 
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iodeosin  Bj  dianthin  B,  soluble  primrose,  and  erythrosln  D.^  The 
sodium  salt  is  brown-red  and  the  ammonium  salt  light  brick-red. 
Their  aqueous  solutions  are  not  fluorescent  (distinction  from  the 
brominated  eosins),  and  on  treatment  with  zinc-dust  and  ammonia 
the  iodine  is  eliminated  and  a  colorless  solution  of  fiuorescin 
obtained,  turning  red  on  exposure  to  air,  with  formation  of  fluo- 
rescein. Erythrosin  G  is  the  sodium  or  potassium  salt  of  diodo- 
fluorescein. 

DiBROMO-DINITROFLUORESCEIN,  Or  NiTROBROMEOSIN,  C2oHg(N02)2 

Br^Og,  is  produced  by  the  action  of  dilute  nitric  acid  on  tetrabrom- 
fluorescei'n  dissolved  in  glacial  acetic  acid,  or  by  acting  with 
bromine  on  dinitrofluorescein  in  alcoholic  solution.  The  salts  are 
known  in  commerce  as  safrosin,  eosin  scarlet,  daphnin,  eosin  BN, 
methyl  eosin,  eosin  scarlet  B,  eosin  B,  scarlet  J,  JJ,  and  V,  nopalin, 
eosin  scarlet  BB,  eosin  BW,  imperial  red,  and  eosin  DHV.  The 
potassium  and  sodium  salts  are  dark  brown  or  green  powders, 
while  the  ammonium  salt  is  red.  A  mixture  of  bromonitro- 
fluorescein  with  the  di-  and  tetra-nitro-derivatives  is  known  as 
lutecienne.  Rubeosin  is  a  nitrochlorofluorescein,  obtained  by  the 
action  of  nitric  acid  on  aureosin,  w4:iich  is  itself  a  chlorinated 
fluorescein. 

Tetrabromo-dichlorofluorescein,  CygHgClgBrPg.  In  all  the 
substituted  fluoresceins  hitherto  described  the  replaced  hydrogen 
belongs  to  the  resorcinol  residue,  but  eosins  may  also  be  prepared 
in  w^hich  the  hydrogen  atoms  of  the  phthalic  acid  residue  are 
replaced.  Thus  when  dichlorphthalic  acid  reacts  on  resorcinol  a 
d  i  c  h  1  o  r  o  f  1  u  o  r  e s c  e  i  n  is  obtained,  and  by  brominating  or 
iodinating  this  body  other  coloring  matters  result.  Rose  Bcvgale  ' 
'dud  phloxin^  are  dyes  of  this  kind,  the  former  being  the  potassium 
or  sodium  salt  of  tetraiodo-dichlorofluorescein,  and 
the  latter  the  potassium  salt  of  tetrabromo-dichloro  -  (or 
tetrachloro-)  fluorescein.  Cyanosin  is  the  potassium 
salt  of  the  methyl  or  ethyl  ether  of  phloxin.  Phloxin 
TA  {eosin  10 B,  erythrosin  B)  is  the  sodium  salt  of  tetrabrom- 
tetrachlorfluorescein . 

Ethers  of  substituted   Fluoresceins.    The  methyl  and 

^  Some  of  these  names  are  applied  to  the  alkaline  salts  of  a  d  i  -  i  o  d  f  1  n  o  r  e  s  - 
cein,  C^io^lio^^Ory 

2  Known  also  as  Rose  Benrjcde  N,  A  T,  G. 

^  Known  also  as  Phloxin  1\  Rrythrosin  BB,  and  New  Pink. 
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ethyl  ethers  of  tetrabromfluorescei'n  are  obtained  by  heating 
eosin  with  methyl  or  ethyl  alcohol  and  sulphuric  acid,  by  heating 
acid  eosin  with  methyl  or  ethyl  bromide,  or  by  brominating 
fluorescein  in  hot  alcohol,  when  etherification  and  bromination 
occur  simultaneously.  The  potassium  salt  of  ethyl-tetra- 
brom fluorescein  is  a  red  crystalline  substance  with  a  greenish 
reflex.  It  has  found  a  considerable  application  in  silk-dyeing, 
and  is  known  as  spirit-eosin^  ethyl-eosin,  rose  JB.,  spirit  primrose, 
eosin  BB,  eosin  S,  etc.    Methyl-eosin  is  of  very  similar  character. 

Methyl-  and  ethyl-eosin  are  sparingly  soluble  in  water  and 
insoluble  in  absolute  alcohol,  but  they  dissolve  easily  in  proof- 
spirit,  the  dilute  solutions  having  a  beautiful  fluorescence. 

B  e  n  z  yl  -f  1  u  0  r  e  s  c  e  i  n ,  or  chrysolin,  has  already  been  de- 
scribed (page  317). 

Ccerulein  and  Coerulein  S,  are  probably  derivatives  of  alizarin, 
although  it  is  made  by  heating  gallein  with  concentrated  sulphuric 
acid.  Although  insoluble  in  water,  coerulein  gives  a  red  solution 
on  being  heated  with  zinc-dust  and  ammonia.  This  solution  con- 
tains a  leuco-compound,  which  is  readily  reoxidized  by  exposure 
to  the  air  to  coerulein. 

Reactioxs  of  the  Eosins. 

In  referring  to  the  various  substituted  fluoresceins,  the  systematic 
names  are  inconveniently  long,  while  the  commercial  names  are 
not  always  sufficiently  distinctive.  In  such  cases  the  terms  brom- 
eosin,  idoeosin,  ethyl-eosin,  etc.,  may  be  used  with  advantage. 

The  fluorescence  of  the  eosins  is  most  intense  in  alcoholic 
solutions  (preferably  containing  a  little  free  ammonia).  It  is 
strongest  in  the  eosin-ethers  (eosins  soluble  in  alcohol),  and  then  in 
bromeosin.  Nitrobromeosin  (safrosin)  is  but  slightly  fluorescent, 
but  somew^hat  more  so  in  presence  of  ammonia,  while  iodeosin 
does  not  fluoresce  at  all  in  aqueous  and  but  little  in  alcoholic 
solution. 

The  absorption-spectra  of  aqueous  and  ammoniacal  solutions  of 
the  eosins  have  been  studied  byC.  H.  Bothamley  (Jour.  Soc. 
Chem.  Ind.,  vi.  422),  and  exhibit  some  interesting  peculiarities. 

The  eosins  dissolve  in  cold  concentrated  sulphuric  acid  with 
yellow  or  orange  color,  which  generally  becomes  darker  on  heat- 
ing. Bromeosin  and  nitrobromeosin  are  turned  dark  red,  and  on 
adding  water  a  new  coloring  matter  separates  out  in  dark  flakes. 
On  heating  iodeosin  with  strong  sulphuric  acid,  iodine  is  liberated, 
and  bromine  vapors  are  evolved  from  brominated  eosins,  especially 
if  manganese  dioxide  be  added. 
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On  adding  hydrochloric  acid  to  solutions  of  the  eosins,  the 
corresponding  free  substituted  fluoresceins  are  precipitated.  In 
all  cases  the  precipitates  are  soluble  in  ether,  and  on  agitating  the 
separated  ethereal  solution  with  soda  or  ammonia  the  eosin  passes 
into  the  alkaline  liquid  with  characteristic  color,  and  usually  with 
fluorescence. 

R.  Benedikt  (Jour.  Soc.  Chem.  Ind.,  ii.  170)  has  published 
a  systematic  scheme  for  the  examination  and  identification  of  the 
various  eosin  dyes.  Besides  noting  the  solubility  of  the  substance, 
the  color  and  the  fluorescence  of  the  solution,  and  the  shade 
produced  on  silk,  he  notes  the  behavior  of  the  coloring  matter 
when  reduced.  For  this  purpose,  Benedikt  directs  that  a  few 
drops  of  a  moderately  concentrated  solution  of  the  dye  should  be 
diluted  with  water,  and  shaken  in  the  cold  with  small  quantities 
of  zinc-dust  and  ammonia.  All  eosins  are  rapidly  decolorized  by 
this  treatment.  The  decolorized  and  filtered  solution  usually  re- 
oxidizes  very  gradually  on  exposure  to  the  air,  but  more  rapidly 
if  it  be  well  boiled  till  a  copious  precipitation  of  hydrated  oxide 
of  zinc  occurs,  and  the  liquid  be  then  treated  with  sufiicient  hydro- 
chloric acid  to  dissolve  this  precipitate,  and  an  excess  of  ammonia 
again  added.  Another  means  of  discrimination  employed  by 
Benedikt  consists  of  treating  a  little  of  the  coloring  matter  with  a 
strong  solution  of  caustic  potash  (1.3  sp.  gr. ). 

By  the  reduction-test,  Eosin  G  (bromeosin)  gives  a  nearly  color- 
less filtrate  immediately  after  treatment  with  zinc  and  ammonia, 
being  reduced  to  colorless  tetrabromfluorescem.  After  boiling  the 
liquid  and  treating  with  acid  and  ammonia  as  described  above,  the 
solution  becomes  cherry-red  or  crimson,  with  yellowish-green 
fluorescence;  or,  in  other  words,  the  original  coloring  matter  is  re- 
formed. With  potash  solution,  bromeosin  gives  in  the  cold  an 
orange-red  solution,  which  on  boiling  becomes  purple-red,  violet, 
and  pure  blue,  with  a  strong  green  fluorescence.  If  the  boiling  has 
been  continued  long  enough,  the  characters  are  unchanged  by 
dilution. 

Eosin  J  (iodeosin)  loses  its  iodine  when  treated  with  zinc-dust 
and  ammonia,  and  is  converted  into  colorless  fluorescin,  which  on 
oxidation,  boiling,  &c.,  is  converted  into  fluorescein,  the  solution 
of  which  is  reddish-yellow  with  a  strong  green  fluorescence.  The 
production  of  a  highly  fluorescent  solution  from  a  non-fluorescent 
one  by  reduction  and  subsequent  oxidation  is  highly  characteristic 
of  iodeosin.    On  boiling  with  potash,  eosin  B  first  turns  purple- 
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red  and  then  blue-violet,  with  a  feeble  green  fluorescence.  On 
dilution,  the  hquid  becomes  purple-red. 

Safrosin  (nitrobromeosin),  on  treatment  with  zinc-dust  and  am- 
monia, is  reduced  to  colorless  fluorescin,  and  the  NOg  groups  are 
simultaneously  reduced.  The  filtered  liquid  oxidizes  again  with 
great  rapidity,  with  formation  of  a  cherry-red,  non-fluorescent 
solution.  With  potash,  safrosin  becomes  lighter  and  yellower,  and 
on  boiling  turns  olive-green,  without  fluorescence.  When  a  little 
solid  safrosin  is  heated  on  platinum  foil,  it  swells  up  enormously 
after  the  manner  of  a  "  Pharaoh's  serpent." 

The  spirit-soluble  eosins  behave  with  zinc  and  ammonia  like 
bromeosin.  They  are  insoluble  in  strong  potash  solution  in  the 
cold,  but  on  boiling  the  reactions  of  bromeosin  are  gradually  pro- 
duced. 

The  eosins  are  often  found  in  admixture  with  other  coloring 
matters.  Thus  nepaline  and  imperial  scarlet  are  mixtures  of  eosins 
with  naphthol-yellow,  and  coccine  is  a  mixture  of  safrosin 
and  aurantia.  Such  mixtures  yield  scarlets  which  are  em- 
ployed as  cochineal  substitutes.  Naphthol-yellow  and  aurantia 
differ  from  the  eosins  in  yielding  colorless  solutions  by  treatment 
with  zinc  and  hydrochloric  acid,  which  solutions  do  not  again 
become  colored  on  exposure  to  air,  either  with  or  without  the  addi- 
tion of  ammonia  or  sodium  acetate.  When  heated,  the  nitro- 
compounds deflagrate  without  disengaging  colored  vapors.  To 
induce  deflagration  it  is  sometimes  necessary  to  mix  the  substance 
with  a  little  oxide  of  lead. 

Anrin  and  its  allies  present  a  somewhat  close  analytical  re- 
semblance to  the  eosins;  but  their  ammoniacal  solutions  are  not 
fluorescent,  and  no  bromine  or  iodine  vapors  are  evolved  on  heat- 
ing the  substance  with  sulphuric  acid  and  manganese  dioxide. 

The  eosins  produce  on  silk  and  wool  all  shades  of  color  from  a 
reddish-orange  to  a  cherry-red  and  purple.  The  yellowish  shade 
is  produced  by  eosin  G,  and  the  bluest  by  bengal  red.  For  dyeing 
cotton  with  eosins,  the  fabric  is  mordanted  with  alumina  or  tin  for 
yellow  shades,  and  with  lead  salts  for  blue  shades.  The  colors 
produced  are  not  so  fast  as  those  on  wool  or  silk,  and  are  affected 
by  light. 

The  eosins  soluble  in  water  are  shghtly  removed  when  fibres 
dyed  with  them  are  treated  with  warm  water,  especially  if  a  little 
ammonia  be  added.  Spirit-soluble  eosins  are  not  affected  by 
water,  but  are  dissolved  from  the  fibre  by  alcohol,  which  leaves 
the  eosins  soluble  in  water. 
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Commercial  Name. 

Formula. 

Remarks. 

Phenolphthalein 

/(l)C6H,(4)OH 
Cf  (1)C6H4(4)0H 
1  \(1)C6H4(2)C0.0 

From  phthalic  anhy- 
dride. 

Eosin. 

Probably: 

f  (3)Br 
(l)CeH  g)ONa 

r(6)>o 

'  c  =  (i)CeH 

^  l(3)Br 
(l)C6H4(2)C02Na 

From  fluorescein. 

Eosin  J. 
Erythrosin. 

C=^(l)CeHI,|gjQ 

(l)C6H4(2)C02Na 

From  fluorescein. 

Safrosin. 

(l)CeH(NO,)(Br){WI^ 
C=(l)CeH(N0,)(Br){j6j^^ 
(1)C6H4(2)C0,K 

From  dibromfluores- 
cein. 

Phloxin. 

/)CeH(Br,){f4)0K 
C=(l)CeH(Br,){g) 
C6H2{Cl2)(2)C02K 

From  dichlorfluores- 
cein. 

Rose  Bengale. 

C=(l)O.HlJ»' 

(l)C6H2Cl2(2)C02K 

From  dichlorfluores- 
cein. 

Methyl  Eosin. 
Erythrin. 

C=(l)CeHBr  J 

(1)C6H4(2)C0.0CH3 

From  eosin. 

Ethyl  Eosin. 
Rose  J.  B. 

(l)CeHBrJ;^)OK 

C=(l)CeHBr,{j5jQ 
(1)C6H4(2)C0.0C2H6 

From  eosin. 

Cyanosin. 
Methyl  Phloxin. 

(l)CeHBr,{[4)0K 

C=(l)C6HBr2{["'jQ 

(l)CeH2Cl2(2)C0.0CH3 

From  phloxin. 
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Character  of 
Dyestuff, 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  Acid. 

Other  Charac- 
teristics. 

With 
Caustic 
Soda. 

With  Hy- 
drochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilution 
with  Water. 

Yellow  crystals; 
insoluble. 

Red  solu- 
tion. 

Colorless. 

Brown. 

Precipitate. 

Used  as  an  indi- 
cator. 

Soluble  in  alco- 
hol. 

Bluish-red  crys- 
tals; bluish- 
red  solution, 
green  fluores- 
cence. 

No  change. 

Orange  ppt. 

Yellow. 

Orange  ppt. 

Soluble  in  alco- 
hol, green  fluor- 
escence. 

Neutral  dye. 

Brown  powder; 
red  solution, 
no  fluores- 
cence. 

No  change. 

Yellow  ppt. 

Yellow. 

Yellow  ppt. 

Neutral  dye. 

Brown  crj'stals; 
orange  solu- 
tion, faint  flu- 
orescence. 

No  change. 

Green  ppt. 

Yellow. 

Yellow  ppt. 

Neutral  dye. 

Yellow  powder; 
red  solution, 
green  fluores- 
cence. 

Bluer. 

Yellow  ppt. 

Yellow. 

Brown  ppt. 

Neutral  dye. 

Brown  powder; 
red  solution, 
no  fluores- 
cence. 

No  change. 

Red  ppt. 

Yellow. 

Red  ppt. 

Green  powder; 
red  solution 
in  hot  water. 

Darker. 

Yellow  ppt. 

Yellow. 

Soluble  in  alco- 
hol. 

Brown  powder; 
red  solution, 
faint  fluores- 
cence. 

Yellow 
ppt. 

Brown  ppt. 

Yellow. 

Red  powder;  in- 
soluble. 

No  change 
(alcoholic 
solution). 

Fluor  e  s- 
cence  dis- 
appears 
(alcoholic 
solution). 

Yellow. 

Brown  ppt. 

Soluble  in  alco- 
hol, yellow  flu- 
orescence. 
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Commercial  Name. 

Formula. 

Remarks. 

Chrysolin. 

((3)CH,.CsH5 
(IjCeH  J  (4)0Na 

C=(l)C6H3  4;j) 
\(l)CcH4(2)C0,Na 

From  phthalic  anhy- 
dride. 

Uranin. 
Fluorescein. 

(DC  H  1  (^)ON^ 

C=(1)C6H3  ]  °L 

(l)CeH4(2)C02Na 

From  phthalic  anhy- 
dride. 

Erythrosin  G. 

CHl)CeH,l]}J 
(1)C6H4(2)C02K 

From  fluorescein. 

Cyclamin. 

(l)C.HBr,{g)OK 

C=(l)C6HBr2  j  !5L 
^(l)C6H2Cl2(2jC02K 

From  thionated  di- 
chlorfluorescein. 

Phloxin  TA. 
Erytnrosin  B. 

(l)CeHBrJ(^)ONa 

C=(l)C6HBr  j 

(l)C6Cl4(2)C02Na 

From  tetrachlor- 
phthalic  acid. 

Rose  Bengale  3  B,  B. 

(l)C.HlJfgOK 

CNl)C,HI,{g)^ 
^(l)CeCU(2jC02K 

From  tetrachlorfluor- 
esccin. 

Gallein. 
Alizarin  Violet. 
Anthracene  Violet. 

f(4)0^ 
(l)CeH  J  ,5)0> 

C-WCsHJ  (4)0H 
^(1)C6H4(2)C0.0 

From  gallic  acid  and 
phthalic  anhydride. 

Coerulein. 
Alizarin  Green. 
Anthracene  Green. 

(f4)0 
(DCfiH  J  (5)()H 

n     it\ri  ZT   }  {^)0  ^ 
C— (IjCeH  4  (4'o> 

.  Nl)CeH,(2f>C0 

From  gallein. 

Coerulein  S,  and  SW. 

Sodium  bisulphite  compound  of  preced- 
ing. 

From  Coerulein. 
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Character 
OF  Dyestuff. 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  acid. 

Other  Charac- 
teristics. 

With 
Caustic 
Soda. 

With  Hy- 
drochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilution 
with  Water. 

Brown  powder; 
brown  solu- 
tion, green 
tiuorescence. 

Darker. 

Yellow  ppt. 

Yellow. 

Yellow  ppt. 

Brown  powder; 
yellow  solu- 
tion, strong 
green  fluor- 
escence. 

Darker. 

Yellow  ppt. 

Yellow. 

Yellow. 

Soluble  in  alco- 
hol. 

Brown  powder; 
red  solution, 
no  fluor- 
escence. 

No  change. 

Yellow  ppt. 

Yellow. 

Yellow  ppt. 

Brown  powder; 
red  solution. 

No  change. 

Precipitate. 

Orange. 

Red    powder ; 
bluish  -  red 
solution,  green 
fluorescence. 

No  change. 

Red  ppt. 

Yellow. 

Orange  ppt. 

Soluble  in  alco- 
hol. 

Red  powder; 
bluish -red 
solution. 

No  change. 

Pink  ppt. 

Brown. 

Pink  ppt. 

Violet  paste  or 
green  powder; 
red  solution. 

Blue. 

Brown. 

Orange. 

No  change. 

Soluble  in  alco- 
hol. 

Black  paste;  in- 
soluble. 

Green. 

No  change. 

Brown. 

Black  ppt. 

Black  powder; 
brown  s  o  1  u- 
tion. 

Green  ppt. 

No  change. 

Brown. 

Black  ppt. 

Soluble  in  hot  al- 
cohol. 
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Commercial 
Name. 

Formula. 

Remarks. 

Rhodamine  B. 

(l)CeH3jfS^^^^^^)^ 
/              }  6  >^ 
C-(l)CeH3  1  (4)N(C1)(C2H5)2 

(1)C6HJ2)C02H 

From  phthalic  anhy- 
dride. 

Rhodamine  S. 

n^r  H  /(4)N(CH3)2 

C=(l)CeH3|[4^N(Cl)(CH3)2 
C2H4.CO2H 

From  tetra-chlorfluor- 
escein. 

Rhodamine  G. 

^(l,C,H.{gjNH,C,H. 

C=(l)CeH3{j6)^(Cl^(C,H,), 
(1)C6H4(2)C02H 

From  rhodamine  B. 

Rhodamine  6  G. 

iWO  H  /(4)NH.C,H6 
C-(l)C6H3|(4^j^jj 

(1)C6H4(2)C02.C2H5 

From  diethyl-rhoda- 
mine. 

Rhodamine  3  B.  ^ 

(l)C,H3|[g^(C,H,), 

C=(l)CeH3{j^)N(Cl)(C,H,), 
(1)C6H4(2)C02.C2H5 

From  tetra-ethyl- 
rliodamine. 

Violamin  B. 

n^p  TT  f(4)NH.C6H4.S03Na 

C=(l)CeH,{(«j,c.H. 
TT  ^■9^p^  tt 

From  fluorescein 
chloride. 

Violamin  R. 

^(l)C«H,{<|)NH.C,H,{CH,^,„ 

C=(1)C6H3  1  j4jN.C6H4.CH3 

(1)C6H4(2)C02H 

From  fluorescein 
chloride. 

Violamin  G. 

^(l)C.H3jgp.C«H{^gf^)3 

C=(1)C6H3 1  (4)N.C6H2(CH3)3 
(l)CeH4(2)C02H 

From  fluorescein 
chloride. 

Violamin  2  R. 

^(l)CeH3|j,^;^H.CeH3{^^;H, 
(4)N.C„H4.0C2H5 

(l)C6H4Cl2.C02H 

From  diohlorfiuores- 
cein  chloride. 
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Character  of 
Dyestuff. 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  Acid. 

Other  Charac- 
teristics. 

With 
Caustic 
Soda. 

With  Hy- 
drochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilution 
with  Water. 

Green  crystals; 
bluish-red  so- 
lution with 
strong  fluores- 
cence. 

Red  ppt. 

Green  ppt. 
soluble  in 
excess. 

Brown, 

Bluish-red. 

Soluble  in  alco- 
hol. 

Crystalline  pow- 
der; red  solu- 
tion with  yel- 
low fluores- 
cence. 

Decolorized. 

Yellow. 

Red. 



Orange  powder; 
violet  solu- 
tion, with  flu- 
orescence. 

On  heating 
decolor- 
ized  and 
ppt. 

Yellow. 

Yellow. 

Fluorescent. 

Soluble  in  alco- 
hol. 

Brown  powder; 
red  solution, 
with  green 
fluorescence. 

Red  ppt. 

Red  ppt. 

Yellow. 

Red. 

Soluble  in  alco- 
hol. 

Red  poAvder;  red 
solution  with 
fluorescence. 

Red  ppt.  on 
heating. 

Yellow. 

Yellow. 

Red. 

Soluble  in  alco- 
hol. 

Violet  powder; 
violet  solu- 
tion. 

No  change. 

Blue  ppt. 

Orange. 

Blue  ppt. 

Soluble  in  alco- 
hol. 

Red  powder;  red 
solution. 

No  change. 

V  JLUlcl  VPt/* 

Violet  ppt. 

Soluble  in  alco- 
hol. 

Red  powder;  red 
solution. 

Yellow. 

Red  ppt. 

Yellow. 

Red  ppt. 

Soluble  in  alco- 
hol. 

Violet  powder; 
blue  solution. 

Violet. 

Blue  ppt. 

Red. 

Blue  ppt. 

Soluble  in  alco- 
hol. 
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Phthaleins  from  Amidophenols. 

Several  coloring  matters  have  appeared  in  commerce  which  are 
obtained  by  the  reaction  of  phthalic  anhydride  on  amidophenols 
or  their  allies.  The  representative  member  of  this  group  of 
bodies  is: — 

Rhodamine,  CgH,  j  >0  .      This     body  is 

(  C0.C,H3  |n(C,H,), 

formed  by  heating,  for  several  hours  at  200°,  one  molecule  of 
phthalic  anhydride  with  two  of  diethyl-meta-amidophenol.  The 
commercial  product  is  a  hydrochloride  of  the  base,  and  forms  a 
red  powder,  readily  soluble  in  water  with  fine  crimson  color  and  a 
characteristic  yellow  fluorescence,  which  disappears  on  heating  the 
solution  to  about  90°  and  is  restored  on  cooling.  Acids  turn  the 
color  of  the  liquid  somewhat  yellower,  and  alkalies  slightly  bluer. 
Tannic  acid,  in  presence  of  sodium  acetate,  gives  a  bright  crimson 
precipitate  of  rhodamine  tannate  which  is  not  fast  to  hght,  but  if 
tartar-emetic  be  also  present  the  compound  precipitate  formed 
resists  light  very  well.  With  stannous  chloride,  an  aqueous  solu- 
tion of  rhodamine  gives  a  characteristic  cinnabar-red  precipitate, 
which,  while  still  in  a  fine  state  of  division,  transmits  a  bright 
blue  light  (E.  Knecht,  Jour.  Soc.  Dyers,  &c.,  iv.  96).  In  strong 
sulphuric  acid,  rhodamine  dissolves  with  yellow  color,  changing 
to  red  on  dilution  with  waiter.  Rhodamine  dyes  silk  and  wool  a 
pink  color,  with  a  marked  orange  fluorescence.  The  dye  stands 
light  and  soaping  fairly  well.  It  may  be  mordanted  on  cotton 
with  turkey-red  oil,  or  tannic  acid  and  tartar-emetic.  The  colors 
obtained  are  fluorescent. 

Rhodamine  B  is  the  basic  hydrochloride  of  diethyl-meta-amido- 
phenolphthalein.  It  is  also  called  Rhodamine  0  and  Safranilin. 
Rhodamine  S  is  the  succinein  of  dimethyl-meta-amido-phenol,  and 
is  prepared  by  heating  succinic  anhydride  with  dimethyl-meta- 
amidophenol.  It  is  used  chiefly  for  coloring  paper-pulp  and 
wood.  Rhodamine  G  is  probably  tri-ethyl  rhodamine,  and  is  pre- 
pared by  heating  rhodamine  B  with  aniline  hydrochloride.  Rhoda- 
mine 6G  is  the  ethyl  ester  of  diethylrhodamine.  Rhodamine  SB  or 
Anisoline  is  the  ethyl  esther  of  tetra-ethyl  rhodamine.  There  is 
another  class  of  amido-phenol-})hthaleins,  somewhat  analogous  to 
the  preceding  rhodamincs.    They  arc  known  by  the  general  name 
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of  violamins;  they  are  in  general  tolyl-amidophenolphthalei'ns. 
Violamin  B  or  Fast  Acid  Violet  B  is  the  sodium  sulphonate  of 
diphenyl-meta-amidophenolphthalein,  and  is  prepared  by  the 
action  of  paratoluidine  on  fluorescein  chloride.  Violawvin  R  or 
Fast  Acid  Violet  A2R  is  the  sodium  sulphonate  of  diorthotolyl- 
meta-amidophenolphthalein,  and  is  prepared  from  orthotoluidine 
in  the  same  manner  as  the  preceding.  Violamin  G  or  Acid  Rosa- 
min  A  is  the  sodium  sulphonate  of  dimesityl-meta-amidophenol- 
phthalein.  Violamin  2R  or  Fast  Acid  Blue  is  a  derivative  from 
amido-dichlorphenolphthalein. 

7.  Indophenols. 

The  indophenols,  together  with  the  following  groups — the  oxa- 
zines,  thiazines,  and  azines — are  all  somewhat  closely  related  both 
in  their  chemical  constitution  and  in  derivation.  They  have  pre- 
viously^ been  included  under  the  general  heading  of  safranines,  but 
for  reasons  of  systematic  classification,  it  has  been  thought  advis- 
able to  separate  them  into  the  above-named  grouping. 

A  general  method  for  the  production  of  indophenols  consists  in 
the  oxidation  of  a  paradiamido-base  in  the  presence  of  a  phenol. 
The  chief  member  of  the  class  is  prepared  by  reducing  nitrosodi- 
methyl-aniline  in  aqueous  solution  to  dimethyl-paraphenylenedia- 
mine,  NHg.CgH^.N (0113)2,  filtering,  and  treating  the  filtrate  with  a 
solution  of  two  molecules  of  alpha-naphthol  in  caustic  soda. 
Potassium  bichromate  is  next  added,  and  then  acetic  acid  till  the 
liquid  acquires  an  acid  reaction,  when  the  coloring  matter  is  pre- 
cipitated. Indophenol  may  also  be  obtained  by  the  direct  action 
of  nitro-dimethylaniline  on  alpha-naphthol. 

Indophenol  or  Naphthol  Blue,  CjgHjgN^O,  prepared  as  above, 
is  a  feeble  base  which  probably  has  the  constitution  expressed  by 
the  formula: — 


N(CH3), 


II 

O 


This  is  borne  out  by  its  reduction  by  stannous  acetate  to  a 
leuco-body  possessing  both  acid  and  basic  properties,  and 
having  the  formula: — 
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-NH 


N(CH3)2 


OH 


Commercial  indophenol  N  forms  a  blue  paste  or  dark  brown  pow- 
der, which  when  dry  has  a  coppery  reflection  and  closely  resembles 
some  varieties  .of  indigo.  When  heated  it  sublimes  in  needles. 
Indophenol  is  quite  insoluble  in  water,  but  dissolves  in  alcohol 
with  a  blue  color,  and  in  strong  sulphuric  acid  with  a  dirty  yellow- 
brown  color,  the  solution  giving  a  brown  precipitate  on  dilution. 
The  alcoholic  solution  is  turned  reddish-brown  by  hydrochloric 
acid,  but  is  unchanged  by  alkalies.  The  alkaline  solution,  or  the 
solid  dye  in  presence  of  alkali,  is  decolorized  by  reducing  agents, 
such  as  stannous  chloride  or  glucose,  so  that  a  vat  can  be  prepared 
from  indophenol  in  the  same  way  as  from  indigo. 

Reduced  Indophenol,  or  White  Indophenol,  CigHigNp,  oc- 
curs in  commerce  as  a  yellowish-white  paste,  soluble  in  pure  or 
acidulated  water.  It  is  unchanged  by  hydrochloric  acid.  In  pres- 
ence of  an  alkali  and  air  it  gradually  oxidizes  to  blue  indophenol, 
or  immediately  on  cautious  treatment  with  bichromate  of  potas- 
sium or  a  hypochlorite. 

Indophenol  is  employed  as  a  substitute  for  indigo  in  wool  and 
cotton  dyeing.  It  forms  a  lake  with  chromic  oxide.  On  the  fibre 
it  is  best  recognized  by  being  turned  greyish-brown  or  dark  grey 
by  treatment  with  somewhat  dilute  (10  per  cent.)  hydrochloric 
acid,  while  indigo  and  other  dark  blue  dyes  are  unaffected. 

Indophenol  may  be  applied  as  an  ingrain  color  by  impregnating 
the  material  with  a  mixture  of  the  diamine  and  phenol,  and  sub- 
sequently developing  the  color  by  oxidation  with  potassium  bi- 
chromate or  bleaching  powder.  The  colors  obtained  with  indo- 
phenol are  very  fast  to  soap  and  light,  but  being  very  sensitive 
towards  acids,  prevents  the  substitution  of  indophenol  for  indigo. 

8.  Azines,  Oxazines,  and  Thiazines. 

The  dyestuffs  belonging  to  these  classes  contain  the  groupings: 


Azines. 


Oxazines. 


Thiazines. 
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The  azines  may  be  subdivided  into  three  classes: — (a)  Eu- 
rhodineSj  (6)  Safraiiines,  (c)  Indulines. 

Eurhodines. 

O.  N.  W  i  1 1  defines  the  eurhodines  as  dye-stuffs  which  are 
derived  from  azines  b}^  the  replacement  of  an  atom  of  hydrogen  by 
an  amido-group,  thus  differing  from  the  safranines,  which 
contain  two  amido-groups,  and  are  the  salts  of  azonium -  bases. 

Neutral  Violet,  Cj^Hj^N^,  HCl,  is  produced  by  the  reaction  of 
nitroso-dimethylaniline  on  meta-phenylenediamine.  The  com- 
mercial  coloring  matter  is  a  greenish-black  powder,  the  dust  of 
which  is  intensely  irritating  to  the  mucous  membrane.  It  dis- 
solves easily  in  water  with  violet-red  color.  The  solution  is 
scarcely  changed  by  a  little  hydrochloric  acid,  but  is  turned  blue 
by  excess.  Soda  produces  a  brown  precipitate.  In  concentrated 
sulphuric  acid  the  dye  dissolves  with  a  green  (or,  according  to 
Zetter,  a  dirty  violet)  color,  which  on  adding  water  becomes  blue, 
and  on  further  dilution  violet. 

Neutral  Red  or  Toluylene  Red,  Cj5HjgN4,HCl,  is  homologous 
with  the  last  color.  It  forms  a  greenish-black  powder  easily 
soluble  in  water  with  a  bluish-red  color,  which  turns  bluer  and  then 
disappears  on  warming  with  zinc  and  hydrochloric  acid,  but 
returns  on  exposing  the  reduced  solution  to  the  air.  In  alcohol 
the  dye  dissolves  to  a  magenta-red  solution,  which  exhibits  a 
strong  brownish-red  fluorescence.  With  hydrochloric  acid  the 
aqueous  solution  becomes  bluer,  and  with  excess  pure  blue.  With 
soda  it  yields  a  yellowish-brov/n  pricipitate,  soluble  in  ether  with 
greenish-yellow  fluorescence.  In  strong  sulphuric  acid,  toluylene 
red  dissolves  with  a  bluish-green  color,  changing  to  blue  and 
magenta-red  on  adding  water. 

Safranines.    The  dyes  of  this  class  all  contain  the  group: — 

N 
I 

N 

The  two  unsatisfied  bonds  are  usually  united  to  phenylene 
either  substituted  or  intact,  but  in  a  few  cases  are  satisfied  by 
CjoHg.  In  addition,  one  or  both  of  the  nitrogen  atoms  exercise 
pentavalent  functions,  as  will  be  seen  on  reference  to  the  foregoing 
table.  This  constitutes  a  distinction  between  the  safranines  and 
the  eurhodines,  as  in  the  latter  both  the  nitrogen  atoms  appear 
to  be  trivalent. 
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A  general  method  for  the  production  of  the  safranines  consists 
in  the  oxidation  of  one  molecule  of  a  paradiamido-base  with  two 
molecules  of  a  mono-amido-base  in  a  hot,  neutral,  aqueous  solu- 
tion.^ Potassium  bichromate  is  a  suitable  oxidizing  agent.  The 
simplest  member  of  the  class,  namely,  phenosafranine,  is 
obtained  by  oxidizing  a  mixture  of  paradiamido-benzene  and 
aniline  hydrochloride,  Q-H^N^  +  2CeH,N  +  20,  =  C,gH,,N,  +  4Hp. 

The  safranines  of  commerce  are  the  chlorides  of  compound 
ammonium  bases  called  azoniums.  The  free  bases  are  but 
little  known.  Their  salts,  which  usually  crystallize  well,  are  red 
or  violet  dyes,  the  dilute  aqueous  solutions  of  which  give  no  pre- 
cipitate with  alkalies.  On  treatment  with  deoxidizing  agents  they 
are  reduced  to  colorless  leucosafra nines,  which  readily 
absorb  oxygen  from  the  air,  with  re-formation  of  the  original  col- 
oring matters. 

The  safranines  mostly  dissolve  in  strong  sulphuric  acid  with 
a  fine  green  color.  On  gradually  adding  water,  the  color  of  the 
liquid  changes  first  to  bluish-green,  and  then  to  a  pure  blue. 
With  still  more  water,  the  solution  becomes  violet-blue,  and  ulti- 
mately acquires  the  color  of  an  aqueous  solution  of  the  dye  under 
examination.  The  green  solution  absorbs  the  violet,  blue,  and 
red  rays  of  the  spectrum,  and  the  bluish -green  behaves  similarly, 
but  absorbs  the  red  less  perfectly;  the  blue  solution  absorbs  only 
yellow  light;  and  as  by  dilution  the  color  changes  to  violet  and 
red,  the  region  of  absorption  approaches  the  green. 

Safranine,  Safranine  T,  Safranine  extra  G,'^  or  Aniline  PinJc. 
This  coloring  matter,  as  it  occurs  in  commerce,  is  a  mixture  of 
several  homologous  bodies,  of  which  C^gH^.N^Cl,  C2oHjgN^Cl,  and 
C2iH2iN_^Cl  are  the  chief.  Safranine  can  be  obtained  by  various 
methods,  including  the  oxidation  of  mauveine,  Cg^HggN^Cl;  the 
treatment  of  aniline  with  glacial  acetic  acid  and  lead  nitrate;  and 
by  heating  amido-azotoluene  with  toluidine  nitrate.  These 
methods  are  obsolete,  that  now  employed  being  usually  the  oxida- 
tion of  a  mixture  of  aniline,  ortho-toluidine  and  para-toluylene- 

^  Safranines  are  also  formed  when  one  molecule  of  mcta- or  para-tolnidine,  or 
of  methyl-  or  dimethyl-aniline,  is  substituted  for  one  of  aniline.  Both  molecules 
of  aniline  may  be  similarly  substituted  by  mctatoluidine,  but  with  two  molecules 
of  paratoluidine  or  of  methyl-  or  dimethyl-aniline  the  formation  of  the  coloring 
matter  does  not  take  place. 

2 Also  known  as:  Safranine  S,  Safranine  GGS,  Safranine  GOOO,  Safranine 
FF,  Safranine  AG  and  AG'T  extva.. 
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diamine  in  molecular  proportions.  Aniline  oil  of  suitable  compo- 
sition is  first  converted  into  the  amido-azo-compounds  amido- 
azobenzene  and  amido-azotoluene.  When  reduced  with  zinc  and 
hydrochloric  acid,  the  first  of  these  splits  into  aniline  and  para- 
phenylene-diamine,  and  the  latter  into  ortho-toluidine  and 
paratoluylene-diamine;  thus — 

C,H,(CH3). N, C,H,(CH3) . NH,    2H,  =  C^H/CH,). NH,  + 
NH,C,H,(CH3).NH, 

When  the  reaction  is  complete  the  liquid  is  diluted,  a  mole- 
cular proportion  of  toluidine  hydrochloride  added,  and  the  mix- 
ture oxidized  by  potassium  bichromate.  The  product  is  boiled 
with  milk  of  lime,  and  the  liquid  filtered,  neutralized  with 
hydrochloric  acid,  and  saturated  with  salt.  The  precipitate  is 
purified  by  solution  in  water,  and  again  salted  out. 

Commercial  safranine  usually  occurs  as  a  reddish-brown  powder, 
but  the  pure  hydrochloride  forms  reddish  crystals,  soluble  in  water 
md  alcohol.  The  alcoholic  solution  exhibits  a  fine  yellowish-red 
iuorescence.  Caustic  alkalies  and  ammonia  change  the  color  of 
m  aqueous  solution  of  safranine  to  brownish-red,  but  no  precipi- 
tate is  produced  unless  the  liquid  is  concentrated.  The  base  is 
best  prepared  by  treating  a  solution  of  the  hydrochloride  with 
argentic  oxide,  filtering,  and  evaporating  the  filtrate  to  dryness. 

Safranine  is  one  of  the  few  coloring  matters  which  are  taken  up 
by  animal  fibres  from  alkaline  solutions.  In  alkaline  or  neutral 
solution  safranine  also  possesses  some  affinity  for  cotton,  but  -the 
color  produced  is  not  fast.  The  best  mordant  is  tannin  and 
tartar-emetic. 

On  the  fibre,  safranine  is  distinguished  by  being  unchanged  by 
dilute  acid,  but  turned  from  red  to  blue-violet  by  concentrated 
hydrochloric  acid.  Ammonia  and  caustic  soda  remove  the  color- 
ing matter  without  much  previous  change  of  tint.  The  color  is 
bleached  on  warming  the  fibre  with  hydrochloric  acid  and  stan- 
nous chloride.  Alcohol  strips  fibres  dyed  with  safranine,  forming 
a  red  solution  w^hich  exhibits  a  reddish-yellow  fluorescence. 

MagdalaRed.  Naphthalene  Red. ^  Cg^H.^N^Cl  +  H^O.  This 
coloring  matter  is  prepared  by  heating  a-naphthylamine  in  acetic 
acid  solution  to  150°  with  a  molecular  proportion  of  alpha-amido- 
azonaphthalene  (prepared  by  diazotizing  alpha-naphthylamine 

*Also  known  as:  Naphthalene  Rose,  Naphthalene  Scarlet,  Sudan  Red,  Rosa- 
naphthylamine,  and  Fast  Pink  for  silk. 
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hydrochloride).  The  melt  is  boiled  with  a  large  excess  of  hydro- 
chloric acid,  and  the  liquid  filtered.  The  filtrate  is  neutralized, 
and  salt  gradually  added,  when  the  rosanaphthylamine  is  precipi- 
tated as  a  sparingly  soluble  hydrochloride,  and  a  violet  coloring 
matter  and  excess  of  naphthylamine  remain  in  solution. 

Naphthalene  red  is  characterized  by  its  very  sparing  solubility 
in  water,  even  when  hot,  and  by  forming  a  cherry-red  alcoholic 
solution,  which  exhibits  a  fluorescence  of  a  remarkable  cinnabar- 
red  color.  This  behavior  is  simulated  only  by  an  alkaline  solution 
of  azoresorufin;  but  that  substance  differs  from  naphthalene  red  in 
the  color  it  dyes  silk,  and  in  yielding  a  brown  precipitate  on  ad- 
dition of  a  strong  acid.  The  fluorescence  of  a  solution  of  naphtha- 
lene red  is  destroyed  by  ammonia  or  soda. 

Magdala  red  is  employed  for  producing  a  fluorescent  pink  on 
silk  and  velvet.  It  is  not  used  on  wool.  Neither  the  shade  nor 
fluorescence  is  altered  in  artificial  light.  It  is  distinguished  from 
eosin  by  not  being  stripped  from  the  fibre  by  alcohol,  and  by  not 
being  readily  affected  by  alkalies  or  dilute  acids. 

Mauveine,  Cg^Hg^N^,  is  of  interest  as  being  the  base  of  Perhin^s 
purple,  aniline  violet,  or  mauve,^  the  first  commercial  dye  from 
aniline.  The  free  base  may  be  obtained  by  adding  caustic  alkali 
to  a  boiling  alcoholic  solution  of  the  crystallized  acetate.  It  then 
separates  as  a  black  glistening  powder,  which  is  almost  insoluble 
in  ether  or  benzene,  but  in  alcohol  forms  a  violet  solution,  which 
is  turned  purple  on  adding  a  dilute  acid,  or  even  by  carbonic  acid. 
Mauveine  is  a  strong  base,  decomposing  ammonium  salts  and 
forming  a  carbonate. 

Commercial  mauve  is  usually  a  sulphate  of  the  base.  It  is 
now  almost  obsolete,  but  occasionally  occurs  as  a  reddish-violet 
paste,  sparingly  soluble  in  hot  water  with  violet-red  color.  The 
solution  is  unchanged  by  hydrochloric  acid,  but  yields  a  bluish- 
violet  precipitate  with  soda,  and  dyes  silk  a  reddish-violet.  In 
an  excess  of  strong  sulphuric  acid,  mauve  dissolves  with  olive- 
green  color,  changing  on  adding  water  to  green,  sky-blue,  and 
finally  to  a  reddish-violet. 

GiROFLE,^  Ca^H^^^N^Cl,  is  obtained  by  the  action  of  nitrosodi- 
methylaniline  on  a  mixture  of  mctaxylidine  and  paraxylidine. 

^Also  known  as:  IloHokine,  Chrome  Violet,  Viole'in,  Tndisin,  Phenamin,  Pur- 
purin,  Tyralin,  Tyrinn  Purple,  and  Lydin. 

^Also  known  as:  Tannin  Heliotrope,  Heliotrope  7?,  and  SB. 
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Dyed  on  cotton  it  produces  a  red-violet  shade,  and  is  chiefly  em- 
ployed for  shading  alizarin  reds  and  violets  in  calico-printing. 

Indulines. 

These  bodies  are  very  similar  to  the  safranines,  being  derivatives 
of  phenazine.  They  are  produced  by  the  reaction  of  amido-azo- 
compounds  on  the  hydrochlorides  of  aromatic  amines  (e.  g.,  ani- 
line), with  elimination  of  ammonia.  The  substances  of  the  indu- 
line  class  occurring  in  commerce  are  dark-blue  or  violet  dyes,  less 
remarkable  for  their  brilliancy  than  their  resistance  to  light  and 
atmospheric  influences.^ 

ViOLANiLiNE,  CigHjjNg,  the  typical  member  of  the  class,  is  a  base 
contained  in  the  commercial  coloring  matters  known  as  nigrosine 
and  induline.  It  is  a  product  of  the  oxidation  of  aniline  (CgH^N  + 
^3  ~  ^18^15-^3  ^^^2^^)?  ^1^^  may  be  prepared  by  heating  aniline 
with  nitrobenzene  and  iron  filings  to  180°  C.  Violaniline  is  often 
present  in  magenta-residues,  from  which  it  may  be  prepared  by 
boiling  with  hydrochloric  acid,  which  dissolves  the  other  bases, 

^  The  safranines,  mauvei'iies,  indazines,  and  rosindulines  all  belong  to  the  class 
of  para-quinones;  they  all  react  with  bases  to  form  indulines — the  formula  of  the 
simplest  one  being: 


— N— 

The  safranines  are  distinguished  from  the  indulines  by  their  characteristic  be- 
havior with  sulphuric  acid.  The  simple  safranines,  aposafranine,  phenosafranine, 
mauveine,  indazine,  and  rosinduline,  dissolve  in  concentrated  sulphuric  acid  Avith 
a  green  color,  whilst  the  anilides  dissolve  to  violet  or  blue  solutions.  Kecogniz- 
ing  the  relationship  between  the  safranines  and  indulines,  it  is  no  longer  necessary 
to  insist  on  the  old  ammonium  formula  for  the  safranine  salts,  and  Kehrmann's 
view  (Ber.  28,  1710)  that  the  salts  of  the  induline  bases  and  indones  (rosinduline, 
etc.)  are  derived  from  an  o-quinonoid  azonium  formula,  whilst  the  oxygen-free  in- 
duline bases  and  the  indones  are  only  ;>-quinonoid  anhydrides  of  amido  or  of  hy- 
droxy-azoniura  bases,  is  untenable.  It  is  more  probable  that  the  strong  basicity 
of  many  of  these  color  bases  is  due  to  the  imido  group,  and  not  to  the  azine  nitro- 
gen.   Ilence  aposafranine  hydrochloride  has  probably  the  formula— 


HCIHN: 


22 


(0.  Fischer  and  E.  Hepp,  Ber.  xxix,  361.) 
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and  leaves  violaniline  hj-drochloride  and  resinous  matters  undis- 
solved. On  treating  these  with  boiling  aniline,  and  filtering,  the 
pure  coloring  matter  separates  out  on  cooling.  The  h  y  d  r  o- 
chloride  so  obtained  is  a  bluish-black  amorphous  powder,  m- 
soluble  in  water  but  soluble  in  alcohol  with  bluish- violet  color. 
The  free  base  is  precipitated  in  flakes  on  adding  an  alkali  to  this 
solution. 

By  heating  violaniline  with  aniline,  or  by  using  excess  of 
aniline  in  its  manufacture,  phenylated  substitution-products  are 
obtained,  the  highest  of  which  is  triphenyl  - violaniline, 
C„H,,(C,H,)3N, 

By  increasing  the  proportion  of  aniline  hj'drochloride,  a  series 
of  indulines  are  obtained,  the  identity  of  which  is  determined  by 
the  proportions  of  the  reagents  and  the  temperature  employed. 

If  two  parts  of  diazo-amidobenzene,  one  of  aniline  hydrochloride, 
and  four  of  aniline  be  mixed  and  allowed  to  stand  for  twenty-four 
hours,  to  allow  of  the  conversion  of  the  diazo-amido-azobenzene 
into  the  metameric  body  amido-azobenzene,  and  the  mixture  be 
then  heated  to  125°-130°,  a  more  complex  reaction  ensues/  and  a 
base  is  produced,  the  hydrochloride  of  which  crystallizes  from  the 
liquid  on  cooling.  The  free  base  has  the  formula  C30H23N5,  and 
forms  warty  crystals,  soluble  in  alcohol  with  dark  purple  color. 
The  hydrochloride  is  the  induUne  3  B  oi  commerce,  and 
forms  brownish  shining  scales,  soluble  with  purple  color  in  aniline 
or  alcohol,  and  is  used  for  producing  delicate  fast  greys  on  cotton, 
for  which  fibre  it  has  some  little  affinity. 

By  increasing  the  proportion  of  aniline  hydrochloride  in  the 
melt,  and  raising  the  temperature  to  165°-170°  C,  a  base  is  ob- 
tained of  the  formula  CsoH22(CgH5)N5,  which  crystalhzes  from 
aniline  in  needles  having  a  green  metallic  reflection.  The  hydro- 
chloride, CggH^^NjjHCl,  is  the  induline  6  B  oi  commerce,  and 
forms  green  lustrous  crystals  which  readily  lose  hydrochloric  acid. 

The  characters  and  reactions  of  the  various  commercial  indulines 
are  not  strictly  identical,  but  do  not  require  separate  description. 
Asa  class,  the  indulines  usually  occur  as  bluish-black  or  brownish- 
black  powders,  which  are  insoluble  in  water  but  soluble  in  alcohol 

*If  the  temperature  be  limited  to  100°,  the  product  consists  largely  of  azo- 
ph  enine,  C36H29N5,  a  base  which  crystallizes  from  hot  aniline  in  small,  garnet- 
red  plates,  melting  at  236°,  and  forming  a  violet  solution  in  strong  sulphuric  acid 
which  becomes  azure-blue  at  300°,  and  exhibits  a  carmine-red  fluorescence  on 
dilution  with  water. 
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with  greenish  or  bluish-violet  color.  The  alcoholic  solution  be- 
comes pure  blue  with  hydrochloric  acid,  and  on  adding  soda  yields 
a  dirty-red  or  reddish-violet  solution  or  precipitate,  the  exact 
reaction  depending  on  the  nature  of  dye  under  examination. 

SuLPHONATED  Indulines.  SOLUBLE  Indulines.  By  treating  the 
indulines  with  strong  sulphuric  acid,  various  sulphonated  indulines 
are  obtained  which  are  soluble  in  water.  The  redder  shades  are 
met  with  in  commerce  under  the  name  of  fast  blue  R  and  uater- 
soluhle  nigrosine,  and  the  bluer  varieties  as  fast  blue  B,  fast  blue 
greenish,  induUne  3  B  ox  6  B,  etc.  These  sulphonated  indulines 
occur  as  crystalline  powders  with  a  bronze  reflection  ( '  '•  indu- 
line"),  or  as  black,  glistening  fragments  ( nigrosine  " ).  They 
dissolve  in  water  with  bluish-violet,  and  in  alcohol  with  blue 
color.  Hydrochloric  acid  renders  the  solution  blue.  Alkalies 
produce  a  brownish-violet  precipitate.  In  sulphuric  acid,  the 
sulphonated  indulines  dissolve  with  blue  color,  changing  to  violet 
on  dilution  with  water.  By  oxidation  they  yield  q  u  i  n  o  n  e  and 
other  products,  and  by  reducing  agents  are  converted  into  unstable 
leuco-derivatives. 

Soluble  indulines  are  used  for  the  preparation  of  colored  inks, 
and  both  the  soluble  and  insoluble  in  the  preparation  of  spirit- 
varnishes.  They  are  very  fast  dyes,  and  are  employed  for  pro- 
ducing grey,  bluish,  and  blue-black  shades  on  wool,  silk,  leather, 
etc.,  and  are  used  as  indigo-substitutes.  In  commerce  they  are 
met  with  under  a  variety  of  names,  including,  besides  those 
already  mentioned,  Blacldey  blue,  Guernsey  blue,  indigo-substitute, 
bengaline,  Coiipier^s  blue,  acetin  blue,  pelican  blue,  indigen  D,  F, 
sloeline,  RS,  BS,  azine  blue,  indophenin  extra,  soluble  blue  CB, 
printing  blue,  printing  blue  H,  R,  B,  Bengal  blue,  fast  blue  RR. ,  etc. 

On  the  fibre,  the  indulines  are  turned  somewhat  bluer  by  hydro- 
chloric acid,  but  nitric  acid  is  almost  without  action  (distinction 
from  indigo).  Ammonia  and  soda  strip  the  fibre,  forming  red- 
dish-violet solutions,  which  are  decolorized  by  zinc  powder,  but 
the  color  returns  on  filtering  and  exposing  the  liquid  to  the  air. 
An  acid  solution  of  stannous  chloride  strips  the  fibre,  and  forms  a 
green  solution.  Hypochlorites  bleach  some  indulines,  and  turn 
others  reddish-gray. 

In  the  following  table  will  be  found  the  properties  and  reactions 
of  the  chief  dycstuffs  belonging  to  the  azine  group.  The  eur- 
odines  have  been  considered  on  page  333. 
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Commercial 
Name. 

Formula. 

1 

Remarks. 

Safranin. 

CH3(3))  p  jr  f 

NH.HC1(4);  '-6^12  1 

(1)N(1))(.  „  f(3)CH, 
(6)N(G)  J  ^e-ti2|(4^^H 

CfiHs 

From  mauvei'ne. 

Magdala  Red, 

f(l)N  ^ 
CioHs^  (4)NH  ^C.oHe 
l(2)N(2)j 

C10H7 
(The  base) 

From  a-napthyla- 
mine. 

Mauve. 

\ 

HCl 

(l)N(l))c  H  /(3)CH3 
(6)N(6);^6-^n(4)NH, 

C7H7 

From  aniline. 

Neutral  Blue. 

(CH3),N(4)CeH 

f(l)N(l))c  jj 

CeHs 

Azine  Green 
GB,  TO. 

(CH3),N(4)CeH3  { j^j^l^j  }  C,oH5(6)NH.CeHs 
CI 

Basle  Blue  R 
and  BB. 

(CH3)2N(4)C6H3  { }  C,oH5(7)NH.C6H,.CH3 
C6H4.CH3 

Basle  Blue  S. 

Sodium  salt  of  a  sulphonic  acid  of  the  above. 

From  Basle  Blue. 

Azine  Green  S. 

Sodium  salt  of  a  sulphonic  acid  of  Azine  Green. 

From  Azine  Green. 

Safranine  B. 
Phenosafra- 
nine. 

H,N(4)CeH3  { f^j^f^J  }  CeH3(4)NH, 

Amethyst 
Violet. 

(C2H3),N(4)CeH3  {  j^jggj  }  C;H3(4)N(C,Hb), 

GiroflC'. 

(CIl3)2N(4)C6H3 

i 

CI 

CJl3(CH3)2 

Fast  Neutral 
Violet  B. 

(CIl3)2N(4)C6H3  {  ^il'^ll] }  Con3(4)NH.C,H« 
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Character  of 
Dyestuff. 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  Acid. 

Other  Charac- 
teristics. 

With 
Caustic 
Soda. 

With  Hy- 
drochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilution 
with  Water. 

Brown  powder; 
red  solution. 

Red  ppt. 

Violet. 

Green. 

Blue  to  red. 

Soluble  in  alco- 
hol. 

Brown  powder; 
red  solution 
in  hot  water. 

Violet  ppt. 

Bluer. 

Violet. 

Red  ppt. 

Soluble  in  alco- 
hol, with  red 
fluorescence. 

Violet  paste; 
red  solution 
in  hot  water. 

Violet  ppt. 

No  change. 

Green. 

Violet. 

Brown  powder; 
violet  solution. 

Violet  ppt. 

No  change. 

Violet. 

Violet. 

Soluble  in  alco- 
hol. 

Green  powder; 
green  solution. 

Green  ppt. 

Green  ppt. 

Brown. 

Green. 

Soluble  in  alco- 
hol. 

Brown  powder; 
violet  solution. 

Blue  ppt. 

Brown. 

Violet  ppt. 

Coppery  p  o  w  - 
der;  blue  solu- 
tion. 

Yellow. 

Black  powder; 
bluish  -  green 
solution. 

No  change. 

No  change. 

Violet. 

Green. 

Green  crystals; 
red  solution. 

Brown  ppt. 

Violet. 

Green. 

Red. 

Gray  powder; 
violet  solution. 

No  change. 

Blue. 

Green. 

Violet. 

Soluble  in  alco- 
hol. 
Obsolete. 

Green  powder 
or  brown 
paste;  red 
solution. 

Red  ppt. 

No  change. 

Green. 

Red. 

Soluble  in  alco- 
hol. 

Bronze  powder; 
violet  solution. 

No  change. 

No  change. 

Grey. 

Violet. 

Soluble  in  alco- 
hol. 
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Commercial 
Name. 

Formula. 

Remarks. 

Indazine  NV. 

C6H5N(4)CeH3 1  gjSg;  I  CeH3(4)N(CH3), 
CeHe 

and  (Bases.) 

(CH3).N.c:i:S!5! }    { }  c.h,(4)N(oh,), 

C.H, 

Metaphenyl- 
ene  Blue  B. 

C,H,N(4)CeH3  { I  CeH3(4)N(CH3), 

Methylene 
Violet  RRA, 
3  RA. 

Fuchsia. 

(CH3).N(4)C,H3  { }^)S(2)  }  CeH3(4)NH, 

Safranin  NN. 
Clementine. 

(CH3).N(4)C,H3  { [lj?J }  CeH,  {  [4)^5^. 

Rosolan. 

CeH,N(4)CeH3{fljg[.!j}c.H3{g>^g^ 

Of  Farbwerke 
vorm,  Lucius 
&  Brunig. 

Naphthazine 
Blue. 

CioH,N(4)CoH3  { }  CeH3(4)N(CH3). 
1 

(Base.) 

Induline. 

Has  t^-e  following-  bases: 

C«HsHN(5np  jj   r(l)N(l))p  „ 
CeHeN   (4)  X          1  (2)N(2)  J  UU3(4)NH2 

CeHs 

O   XT  TJTVT/'KN  "»  t/-l\'KT(1\\ 

C'^S  \f)  }  C'H.  {  gjgg  }  C.H,(4)NH.C,H. 

CoH,HNr5Up„  /a)N(l)1pH  r(4)NH.C«H, 
CeHgN    (4)  1          1  (2)N(2)  1  ^eHa  1  i5)NH.C6Hs 

From  aniline. 

Fast  Blue  R. 

Consists  of  sodium  salts  of  sulphonic  acids  of  various 
indulines. 

From  indu- 
lines. 

Paraphenyl- 
ene  Blue  R. 

Fast  New  Blue 
for  Cottou. 

Uncertain. 

From  amido- 
azo-benzene. 

Toluylene 
Blue  B,  for 
cotton. 

NH2.C6H2(CH3)N(4)        »  a  j  (2)N(2)  J      UaW^^  n.^eiie 

From  spirit  in- 
duline. 
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Character 
OF  Dyestuff. 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  Acid. 

Other  Charac- 
teristics. 

Witb 
Caustic 
Soda. 

With  TTv- 
vv  itii  HI  J 

drochloric 

Acid. 

With 
Strong 
Acid. 

On  Dilution 
with  Water. 

Bronze  powder; 
blue  solution. 

Blue  ppt. 

No  change. 

Green. 

Blue. 

Soluble  in  alco- 
hol. 

Dark  powder; 
violet  solu- 
tion. 

Violet  ppt. 

Bluer. 

Gray. 

Blue. 

Soluble  in  alco- 
hol. 

Dark  powder; 
violet  solu- 
tion. 

Brown  ppt. 

Violet. 

Green. 

Violet. 

Soluble  in  alco- 
hol. 

Metallic  pow- 
der; violet  so- 
lution. 

Red  ppt. 

"Blue. 

Green. 

Violet. 

Soluble  in  alco- 
hol. 

Dark  powder; 
violet  solu- 
tion. 

Violet  ppt. 

No  change. 

Green. 

Red. 

Soluble  in  alco- 
hol. 

Bronze  powder; 
blue  solution. 

Duller. 

Bluer. 

Green. 

Blue. 

Black  powder; 
insoluble. 

Violet  ppt. 
(in  alco- 
holic so- 
lution). 

Blue  (in  al- 
coholic so- 
lution). 

Blue. 

Blue  ppt. 

Soluble  in  alco- 
hol. 

Bronze  powder; 
violet  solution. 

Violet  ppt. 

Bluer. 

Blue. 

Violet. 

Soluble  in  alco- 
hol. 

Dark  powder; 
blue  solution. 

Violet  ppt. 

No  change. 

Blue. 

No  change. 

Soluble  in  alco- 
hol. 

Violet  powder; 
blue  solution. 

Brown  ppt. 

Precipitate. 

Blue. 
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Commercial  Name. 

Formula. 

Remarks. 

Para  Blue. 

Uncertain. 

An    induline  dye- 
stutf. 

Milling  Blue. 

Cen3N(4)CxoH5  {gjS;.^; }  C,oH5(4)NH.CeH5 

}^  XT 

(Base.) 

Paraphenylene 
Violet. 

Uncertain. 

From  p-phenyl-ene- 
diamine. 

Azindone  Blue  G. 

Uncertain. 

From  indulines. 

Azindone  Blue  R. 

Uncertain. 

From  indulines. 

Indamin  GG. 

Uncertain. 

Induline  derivative. 

Indamin  J  and  JO. 

Uncertain. 

Induline  derivative. 

Indamin  R. 

Uncertain. 

Induline  derivative. 

Indamin  2  R  and  3 
R. 

Uncertain. 

Induline  derivative. 

Indamin  6  R. 

Uncertain. 

Induline  derivative. 

Indamin  Blue  N. 

Uncertain. 

Induline  derivative. 

Indamin    Blue  N 
extra. 

Uncertain. 

Induline  derivative. 

Indamin  Blue  NB. 

Uncertain. 

Induline  derivative. 

Indamin  Blue  NB 
extra. 

Uncertain. 

Induline  derivative. 

Indamin  Blue  WG. 

Uncertain. 

Induline  derivative. 

Indamin  Blue  NR. 

Uncertain. 

Induline  derivative. 

Indamin  Vat  Blue. 

Uncertain. 

Induline  derivative. 

Rubramin. 

Uncertain. 

Induline  derivative. 
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Character  of 
Dyestuff. 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye 
WITH  Sulphuric  Acid. 

Other  Char- 
acteristics. 

With 
Caustic 
Soda. 

With  Hy- 
drochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilu- 
tion with 
Water. 

Blue  powder; 
blue  solution. 

Violet  ppt. 

Blue  ppt. 

Blue. 

Blue  ppt. 

Soluble  in  alco- 
hol. 

Bronze  powder; 
blue  solution. 

 1  

Darker. 

Blue  ppt. 

Bluish- 
green. 

Blue. 

Violet  powder; 
violet  solu- 
tion. 

Violet  ppt. 

Redder. 

Green. 

Violet  powder; 
blue  solution. 

Violet  ppt. 

Redder. 

Green. 

Violet. 

Soluble  in  alco- 
hol. 

Brown  powder; 
violet  solu- 
tion. 

Violet  ppt. 

Redder. 

Green. 

Violet. 

Soluble  in  alco- 
hol. 

Gray  powder; 
blue  solution. 

Precipitate. 

No  change. 

Green. 

Bluer. 

Soluble  in  alco- 
hol. 

Red  powder; 
blue  solution. 

Precipitate. 

No  change. 

Green. 

Turbid. 

Soluble  in  alco- 
hoi. 

Brown  powder; 
blue  solution. 

Redder. 

No  change. 

Green. 

Violet. 

Soluble  in  alco- 
hol. 

Gray  powder; 
violet  solu- 
tion. 

Violet  ppt. 

No  change. 

Green. 

Red. 

Soluble  in  alco- 
hol. 

Green  powder; 
masrenta  -  red 
solution. 

Red  i>pt. 

No  change. 

Green. 

Red. 

Soluble  in  alco- 
noi. 

Gray  powder; 
blue  solution. 

Violet  ppt. 

Bluer. 

Black. 

Bluish- 
green. 

Violet. 

Soluble  in  alco- 
hol. 

Brown  powder; 
violet  solu- 
tion. 

Violet  ppt. 

Blue. 

Violet. 

Soluble  in  alco- 
hol. 

Brown  powder; 
blue  solution. 

Redder. 

Greener. 

Green. 

Blue. 

Soluble  in  alco- 
hol. 

Coppery  pow- 
der; blue  so- 
lution. 

Blue  ppt. 

No  change. 

Green. 

Blue. 

Soluble  in  alco- 
hol. 

Red  powder; 
blue  solution. 

Redder. 

Darker. 

Green.       j  Blue. 

Soluble  in  alco- 
hol. 

Gray  powder; 
blue  solution. 

Violet. 

No  change. 

Green. 

Purple. 

Soluble  in  alco- 
hol. 

Brown  powder; 
violet  solu- 
tion. 

Violet  ppt. 

Blue  ppt. 

Green.  • 

Blue  ppt. 

Soluble  in  alco- 
hol. 

Green  powder; 
cerise  solu- 
tion. 

Red  ppt. 

No  change. 

Green. 

Red. 

Soluble  in  alco- 
hol. 
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COMMEKCIAL  MAME, 

Formula. 

Remarks. 

Nigramin. 

Uncertain. 

Induline  derivative. 

Flavindulin. 

'^14-D-8|(2)N(2jJ  ^6  * 

From  phenanthra- 
quinone. 

Induline  Scarlet. 

(Base :) 

X>  J-l^iyv-'xo-'-'-S  J  (2)N(2)  f  6-"3V".'^-"3 

G2H5 

Azocarmine  G. 
Rosazin. 

(Base :) 

CeH,N(4)CioH5  {  g         }  CeH, 
C6H3 

Pbenylrosindulin. 

Azocarmine  B. 
Eosindulin  2  B. 

Di-sodium  salt  of  pbenylrosindulin  tri- 
sulptionic  acid. 

Rosindulin  2  G. 

(Base :) 

0(4)CioH5|[2)N(2)|C6H4 

Sodium  salt  of  the 
monosulphonic  acid. 

Rosindulin  G. 

Na03S(6)1p   jj  ff2)N(l)|p  jj 
0(4)  /  '-lo-^*  -[  (2)N(2)  ;  ^^"-^ 
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Character  of 
Dyestuff. 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  Acid. 

Other  Char- 
acteristics. 

With 
Caustic 
Soda. 

With  Hy- 
drochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilution 
with  Water. 

Black  powder; 
violet  solu- 
tion. 

Violet  ppt. 

No  change. 

Green. 

Violet. 

Soluble  in  alco- 
hol. 

Orange  powder; 
tion. 

Yellow 
ppt. 

No  change. 

Violet. 

Yellow. 

Red  iK>Avder; 
red  solution. 

Violet  ppt. 

No  change. 

Red. 

Green  to 
red. 

Soluble  in  alco- 
hol. 

lied  paste;  blu- 
ish-red solu- 
tion. 

No  change. 

Red  ppt. 

Green, 

Red  ppt. 

Brown  powder; 
violet  solu- 
tion. 

No  change. 

Brown  ppt. 

Green. 

Scarlet  powder; 
scarlet  solu- 
tion. 

Scarlet 
ppt. 

Yellow  ppt. 

Green. 

Orange. 



Red  powder, 
red  solution. 

Scarlet 
ppt. 

Yellow  ppt. 

Green. 
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Oxazines. 

These  coloring  matters  are  produced  by  the  action  of  phenoloids 
on  a  salt  of  nitroso-dimethylaniUne  or  an  allied  body.  All  the 
oxazines  contain  the  group: — 

or  =N(4)CeH3{  (2)0(2)|c^jj^ 

Gallocyanin  DH  and  BS,  or  Fast  Violet,  Ci^H^gN^O^Cl,  occurs 
usually  in  commerce  as  a  nearly  insoluble,  greenish-gray  paste, 
which  forms  a  bronze  powder  on  drying.  It  is  soluble  in  caustic 
soda  with  a  deep  violet  color.  It  is  produced  by  the  action  of 
nitroso-dimethylaniline  hydrochloride  on  gallic  acid.  In  its  chem- 
ical nature  it  exhibits  both  basic  and  acid  properties;  with  mineral 
acids  it  forms  salts  which  are  red,  while  with  metallic  bases  the 
salts  are  bluish  violet.  Gallocyanin  BS  is  the  bisulphite  compound 
of  gallocyanin. 

Prune,  C^gHj^NgO^Cl,  is  the  methyl  ether  of  gallocyanin,  and 
forms  small  bronze  crystals  or  a  dark  brown  powder.  It  is  soluble 
in  water  and  alcohol  with  bluish-violet  color.  Hydrochloric  acid 
turns  the  solution  magenta-red,  and  soda  gives  first  a  brown  pre- 
cipitate, and  with  excess  of  the  reagent  a  violet  solution.  In  con- 
centrated sulphuric  acid  the  dye  dissolves  with  corn-flower  blue 
color,  changing  to  magenta-red  on  dilution. 

Meldola's  Blue,  or  New  Blue  (Cassella),  ^  CigH^gN.pCl,  is  pro- 
duced by  the  reaction  of  betanaphthol  on  nitroso-climethylaniline 
hydrochloride.  It  occurs  in  commerce  as  a  dark  violet  powder 
with  bronze  reflection.  The  dust  strongly  irritates  the  mucous 
membrane.  In  water  it  is  soluble  with  bluish -violet  color;  in 
alcohol  with  blue  color.  The  violet  aqueous  solution  becomes  at 
first  green  and  then  colorless  when  reduced  by  zinc  and  acetic  acid, 
the  original  color  returning  on  exposure  to  air.  The  solution  is 
turned  blue  by  hydrochloric  acid,  and  with  soda  yields  a  brown 
precipitate.^    In  strong  sulphuric  acid  the  dye  dissolves  with  a 

1  Also  known  as:  New  Blue  R,  Neio  Fast  Blue  for  Cotton,  Naphthjlene  Blue  B  in 
crystals.  Cotton  Blue  B  for  cotton,  Cotton  Blue  B,  Fast  Marine  Blue,  Fast  Cotton 
Blue  R,  BB,  SB,  crystals;  Phcvylene  Blue,  Blue  Nouveau  P,  Fast  Blue  III  B, 
Fast  Marine  Blue  BM,  MM,  Naphthol  B  and  D, 

2  If  this  precipitate  is  dissolved  in  sulphuric  acid  a  group  of  dyestuffs  called 
Cyardmides  is  obtained.  They  are  coloring  matters  of  a  purple  greenish-blue 
shade. 
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blackish-green  color,  becomes  first  blue  and  then  violet  on  dilu- 
tion. Naphthalene  blue  dyes  cotton  mordanted  with  tannin  and 
tartar-emetic  an  indigo-blue  color. 

MuscARiN,  or  Campanulin,  CigHjgN^O^Cl,  introduced  by  Durand 
and  Haguenin,  occurs  in  commerce  as  a  brown-violet  powder, 
sparingly  soluble  in  cold  but  readily  in  hot  water,  with  bluish- 
violet  color.  The  solution  is  decolorized  by  heating  with  zinc- 
dust,  but  the  color  returns  on  exposure  to  air.  Hydrochloric  acid 
produces  a  blui.-h-violet  and  soda  a  yellowish-brown  precipitate. 
Tannin  precipitates  the  solution  with  an  indigo-blue  color.  In 
concentrated  sulphuric  acid  muscarin  dissolves  with  a  bluish-green 
color,  the  solution  turning  first  blue  and  then  violet  on  adding 
water,  and  on  further  dilution  giving  a  violet  precipitate. 

Nile  Blue  A  is  produced  by  the  reaction  of  alpha-naphthyl- 
amine  on  the  hydrochloride  of  nitroso-dimethyl-metamidophenol. 
It  occurs  in  commerce  both  as  the  chloride^  the  formula  of  which 
has  already  been  given,  and  as  a  sulphate  of  the  composition 
(CjgIIjgN30)2S04.  The  sulphate  forms  a  green  crystalHne  powder 
with  bronze  reflection.  It  is  sparingly  soluble  in  cold  water,  but 
readily  in  warm,  with  a  blue  color.  It  is  also  soluble  in  alcohol. 
The  warm  concentrated  aqueous  solution  yields  with  hydrochloric 
acid  needles  of  the  chloride,  which  appear  violet  by  transmitted 
and  green  by  reflected  hght.  Addition  of  soda  to  the  dilute  solu- 
tion (1:1000)  produces  a  red  precipitate,  soluble  in  ether  to  a 
brown-orange  solution,  with  dark  green  fluorescence.  Tannin  in 
presence  of  sodium  acetate  gives  a  prussian-blue  precipitate,  and 
stannous  chloride  a  dark  greenish-blue  precipitate,  and  on  warm- 
ing the  liquid  exhibits  a  green  fluorescence,  with  blue  transmitted 
light.  In  concentrated  sulphuric  acid,  the  dye  dissolves  with  a 
yellow  or  red-brown  color,  changing  to  green  and  blue  on  dilution. 
Wool  is  dyed  directly  by  Nile  blue,  a  red  shade  of  blue,  and  cotton 
mordanted  with  tannin  and  tartar-emetic  is  dyed  blue.  The  color 
is  not  fast  to  light,  and  is  liable  to  bleed  when  milled  with  soap, 
but  not  with  soda. 

Metamine  Blue  B  and  G  (New  Blue  B  and  G,  Fast  Blue  2B  for 
Cottony  Fast  Cotton  Blue  B,  Fast  Marine  Blue  GM,  and  Naphthol  Blue 
B),  is  a  dyestuff  similar  to  Meldola's  Blue,  from  which  it  is  pro- 
duced by  condensation  with  dimethyl-paraphenylenediamine.  It 
is  dyed  on  cotton  mordanted  with  tannin  and  tartar  emetic. 

Capri  Blue  GN,  is  the  zinc  chloride  double  salt  of  dimethyl- 
phenyl-ammonium-dimethylamidotolyl-oxazine,  and  is  obtained 
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by  the  action  of  nitroso-dimethylaniline  on  dimethyl-meta-amido- 
cresol.  It  occurs  as  green  crystals  which  are  soluble  in  water  with 
a  blue  color.  The  addition  of  caustic  soda  yields  a  blue  precipitate 
which  gives  a  red  solution  in  ether,  possessing  a  red  fluorescence. 
Dissolved  in  concentrated  sulphuric  acid  the  solution  exhibits  a 
dichroic  effect;  in  thin  layers  it  appears  green,  in  thick  layers  red, 
while  by  transmitted  gaslight  it  appears  crimson.  It  dyes  cotton 
a  greenish-blue  on  a  mordant  of  tannin  and  tartar  emetic,  the  shade 
being  quite  fast  to  light,  soap,  acids,  and  alkalies.  It  is  also  dyed 
on  silk,  giving  a  beautiful  sea-green  shade  in  artificial  hght. 

Delphin  Blue  or  Crumpsall  Fast  Blue,  is  the  ammonium  salt 
of  dimethyl-phenylammonium-hydroxydioxyphenoxazin-phenyl- 
amine-sulphonic  acid,  and  is  obtained  by  the  action  of  gallocyanin 
on  aniline.  The  dyestuff  occurs  in  commerce  as  the  free  sulphonic 
acid  in  the  form  of  a  dark  paste,  or  as  the  ammonium  salt  in  the 
form  of  a  dark  brovm  powder  soluble  in  water.  Delphin  Blue  is 
dyed  on  wool  with  the  aid  of  a  chromium  mordant  yielding  dull 
blue  shades  very  fast  to  light  and  fulling.  It  is  dyed  on  cotton  in 
a  manner  similar  to  gallocyanin. 

Azoresorufin,  Cg^H^gNgO^,^  is  a  substance  which  crystallizes 
from  hot  hydrochloric  acid  in  small,  garnet-red  prisms.  It  is 
nearly  insoluble  in  water  and  alcohol.  In  strong  sulphuric  acid, 
azoresorufin  dissolves  with  bluish-violet  color;  with  alkalies,  par- 
ticularly in  alcoholic  solution,  it  forms  a  carmine-red  liquid  with 
a  splendid  cinnabar-red  fluorescence.  This  color  is  so  intense  that 
azoresorufin  may  be  used  as  a  delicate  reagent  for  alkalies, 
0.000004  gramme  of  caustic  soda  being  sufficient  to  produce  the 
reaction.  Its  extreme  sensitiveness  to  alkalies  renders  azo- 
resorufin unsuitable  for  dyeing,  but  this  objection  does  not  extend 
to  its  bromo-derivative. 

Hexahrom -azoresorufin  (?)  is  produced  by  adding  bromine  to  a 
solution  of  azoresorufin  in  caustic  alkali.  On  acidulating  the  solu- 
tion with  hydrochloric  acid  the  coloring  matter  is  precipitated, 
and  may  be  purified  by  crystalli/ation  from  toluene.    It  may  be 

^  Azoresorufin  was  formerly  called  d  i  a  z  o  -  r  e  s  o  r  u  f  i  n,  a  name  which  sug- 
gests, without  warrant,  that  it  contains  the  diazo -group — N:N — ;  whereas 
its  true  constitution  is  probably  expressed  by  the  formula  : — 

CeH,{g}:N.CeII,{™I 
C.H,:{g}:N.CeII,{on 
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converted  into  thesodium  or  ammonium  salt,  the  latter  of 
which  constitutes  the  coloring  matter  known  as 

Fluorescent  Resoecin  Blue,  or  Bleu  fluorescent  This  dye 
stuff  crystalhzes  in  green  lustrous  needles,  which  are  but  slightly 
soluble  in  water  or  strong  alcohol,  but  more  readily  in  proof-spirit. 
The  solutions  are  blue  by  transmitted  and  red  by  reflected  light, 
and  give  a  brown  precipitate  of  hexabromresorufin  on  addition  of 
a  strong  acid. 

Fluorescent  blue  occurs  in  commerce  as  a  10  per  cent,  paste  in 
which  beetle-green  crystals  of  the  coloring  matter  may  be  recog- 
nized. It  readily  dyes  silk  in  a  neutral  soap  bath,  the  color 
produced  being  blue,  with  a  slight  admixture  of  red  and  gray,  and 
a  characteristic  red  fluorescence,  easily  visible  in  artificial  light. 
It  is  perfectly  fast  to  light,  w^ashing,  and  acids,  but  ammonia  and 
soda  strip  the  fibre,  forming  blue  solutions  with  strong  red  fluo- 
rescence. Strong  hydrochloric  acid  changes  the  color  of  fibres 
dyed  with  resorcin  blue  to  brown. 

Lacmoid  Another  blue  coloring  matter,  sometimes  called 
resorcin-blue,"  can  be  obtained  by  slowly  heating  together  100 
parts  of  resorcinol,  5  of  sodium  nitrite,  and  5  of  water.  At  110° 
C.  a  vigorous  reaction  occurs,  ammonia  is  evolved,  and  the  mix- 
ture becomes  red;  when  the  melt  is  further  heated  to  115°-120° 
till  the  evolution  of  ammonia  ceases,  and  the  color  changes  to 
blue.  The  mass  is  then  dissolved  in  water  and  the  solution 
filtered  and  precipitated  by  hydrochloric  acid.  The  product  is  a 
ghstening  })rown  powder,  which  is  insoluble  in  chloroform,  ben- 
zene, or  petroleum  spirit,  easily  soluble  in  alcohol,  wood  spirit, 
and  amy  lie  alcohol,  and  less  soluble  in  water  and  ether.  The 
coloring  matter  was  named  by  its  discoverers  (T  r  a  u  b  and  Hock, 
Jour,  Soc.  Chem.  Ind.,  iv.  297)  lacmoid,  owing  to  its  behaving 
to  acids  and  alkalies  in  a  manner  analogous  to  litmus,  with  the 
coloring  matter  of  which  they  suggested  it  might  be  identical. 
R.  T.  Thomson,  however,  has  shown  (Chem.  News,  lii.,  18  and 
31)  that  well-marked  differences  exist,  lacmoid  being  far  less  sen- 
sitive to  weak  acids  than  is  the  case  with  litmus.  In  this  respect 
lacmoid  resembles  helianthin  (methyl-orange),  for  w^hich  it  may 
be  substituted  with  advantage  in  certain  cases.  Thus  it  is  superior 
to  all  other  indicators  for  determining  the  carbonates  of  the  earth- 
metals  (temporary  hardness  of  water,  Chem.  Keics,  xlix.  34).  In 
most  cases,  lacmoid  paper  is  preferable  to  the  solution,  which  when 
used  should  be  made  with  proof-spirit  and  of  5  per  cent,  strength. 
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Lacmoid  paper  ciin  be  employed  in  cases  where  the  dark  color  of 
the  liquid  renders  methyl-orange  unsuitable.  Thus,  bichromate  of 
potassium,  Kfirfi^,  and  the  corresponding  salt  of  sodium  are 
exactly  neutral  to  lacmoid,  the  chromates  of  neutral  constitution, 
M2CrO^,  being  strongly  alkaline  in  reaction.  An  admixture  of 
1  per  cent,  of  K^CrO^  can  be  detected  and  estimated  in  Kfirfi^ 
by  means  of  lacmoid  paper,  if,  after  immersion,  the  paper  be 
washed  to  remove  the  strongly  colored  liquid.  The  bodies  repre- 
sented by  the  following  formulse  are  also  neutral  to  lacmoid: — 
FeSO,,  FeCl,,  CuSO,,  CuCl^,  ZnSO,,  H3BO3,  H3ASO3,  KH.^AsO,, 
NaH2P04,  NaHSOg.  (Compare  helianthin,  phenolphthalein,  congo- 
red  and  litmus. ) 

Thiazines. 

When  the  aromatic  diamines  are  heated  with  sulphur,  sul- 
phuretted bases  are  formed,  which  yield  violet  coloring  matters 
on  oxidation.  These  bodies  may  be  obtained  more  simply  by 
passing  sulphuretted  hydrogen  through  the  solution  of  the  hydro- 
chloride of  the  diamine,  and  then  adding  ferric  chloride.  These 
dyestuffs  possess  a  chemical  constitution  analogous  to  the  oxazines, 
the  atom  of  oxygen  in  the  latter  being  replaced  by  one  of  sulphur. 
Hence  the  formula  of  this  group  corresponds  to  the  following: 


or  =N(4)CeH3{g]||^)}CeH, 


Lauth's  Violet.  Cj^H^oNgSCl.  This  curious  coloring  matter 
is  the  hydrochloride  of  the  base  t  h  i  o  n  i  n  e.  It  crystallizes  from 
a  faintly  acid  solution  in  thin  prismatic  needles,  having  a  beetle- 
green  lustre.  It  dissolves  slightly  in  cold  but  more  readily  in 
hot  water,  to  form  a  solution  which  appears  violet-red  by  trans- 
mitted, and  violet-blue  by  reflected  light.  It  is  almost  entirely 
precipitated  from  its  aqueous  solution  by  strong  hydrochloric  acid, 
but  on  adding  excess  redissolves  ^\iih  fine  dark  blue  coloration. 
By  precipitating  a  solution  of  Lauth's  violet  with  soda  or  am- 
monia, the  free  base,  OiJT,,N..S,  may  be  obtained  as  a  brownish - 
red  or  black  crystalline  precipitate,  or  from  a  hot  solution  in  small 
needles  with  a  feeble  green  reflection.  Thionine  dissolves  only 
slightly  even  in  hot  water,  but  more  readily  in  alcohol,  to  a  red- 
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dish-violet  solution,  which  exhibits  a  fine  brownish-red  fluor- 
escence. 

Thionine  and  its  salts  dissolve  in  strong  sulphuric  acid  with 
fine  yellowish-green  color,  changing  to  blue  and  violet  on  dilution 
with  water.  In  this  reaction  thionine  exactly  resembles  the 
safranines. 

Lauth's  violet  is  not  employed  in  practice,  but  the  important 
coloring  matter  known  as  inethylene  blue  has  the  constitution  of  a 
tetramethyl-thionine  hydrochloride. 

Methylene  Blue.'  CigH^gNgSCl.  This  coloring  matter  may  be 
represented  by  the  following  formula: — 


It  may  be  prepared  by  treating  dimethyl-aniline  hydrochloride 
with  sodium  nitrite,  and  then  with  sulphuretted  hydrogen  until 
the  solution  loses  its  yellow  color  and  is  covered  with  a  blue  scum, 
when  ferric  chloride  or  bichromate  of  potassium  is  added  till  the 
smell  of  sulphuretted  hydrogen  has  disappeared.  The  liquid  is 
then  saturated  with  common  salt  and  zinc  chloride  added.  The 
precipitate  is  separated,  redissolved  in  water,  and  again  precipitated 
with  salt  and  chloride  of  zinc.  The  product  so  obtained  is  the 
double  zinc  salt.  From  it  the  chloride  may  be  prepared  by  adding 
strong  hydrochloric  acid  to  the  concentrated  solution.  Methylene 
blue  may  also  be  obtained  from  helianthin  and  by  various  other 
reactions. 

Methylene  blue  occurs  in  commerce  as  a  hydrochloride,  but 
more  frequently  as  the  double  zinc  salt.  It  forms  a  dark 
blue  or  reddish-brown  powder  with  a  bronze  reflection.  In  water 
or  alcohol  it  dissolves  easily  with  a  blue  color.  The  solution  is 
unchanged  or  turned  greenish  by  hydrochloric  acid.  Caustic  soda 
changes  the  color  to  violet,  and  the  addition  of  strong  alkah  to  a 
concentrated  solution  produces  a  dirty  blue  or  violet-black  precip- 
itate. In  concentrated  sulphuric  acid,  methylene  blue  dissolves 
with  a  grass-green  color,  which,  on  addition  of  water,  becomes  first 
blue  and  then  violet. 

From  a  solution  of  commercial  methylene  blue,  the  iodide, 

'  Also  known  as:  Mcthyleme  BlueB,  BG,  avd  BB;  MdhyJeve  Blue  laD  and  extra 
I);  Ethylene  Blue.  The  latter  is  a  mixture  of  methylene  blue  with  methylene 
r.zure. 
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C^gHjgNgSI,  is  completely  precipitated  on  adding  iodide  of  potas- 
sium, and  potassium  bichromate  also  completely  precipitates  the 
solution  as  a  purple- violet  c  h  r  o  m  a  t  e.  Methylene  blue  forms  a 
soluble  compound  with  tannin  which  is  taken  up  by  metallic  mor- 
dants. 

Tetramethylthionine  Hydroxide  CjgHjgNgS.  OH,  the  free  base  of 
methylene  blue,  is  most  readily  obtained  by  treating  a  solution  of 
the  iodide  or  chloride  with  freshly  precipitated  argentic  oxide. 
On  evaporating  the  filtered  liquid  in  vacuo,  the  base  is  obtained  as 
a  dark  amorphous  mass  which  acquires  a  green  metallic  lustre 
when  rubbed,  forms  a  syrupy  solution  in  water,  and  dissolves 
readily  in  alcohol.  The  solution  decomposes  various  metallic  salts, 
like  an  alkali,  but  is  very  unstable. 

By  treating  methylene  blue  with  zinc  and  acetic  acid,  or  with 
an  alkaline  solution  of  sodium  hyposulphite,  the  leuco-deriv- 
ative,  CjgHjgNgS,  is  obtained.  This  body  crystallizes  from  ether 
in  flat  satiny  needles,-  having  a  penetrating  odor  resembling  that  of 
the  lobster.  It  is  readily  soluble  in  water,  and  is  extremely  oxi- 
dizable  both  in  the  dry  state  and  in  solution,  methylene  blue  and 
other  products  being  formed.  In  acid  solution,  tetramethyl- 
leucothionine  is  more  stable,  and  it  forms  a  readily  soluble  and 
crystallizable  double  zinc  salt. 

The  formation  of  methylene  blue  affords  the  most  delicate  and 
certain  reaction  for  the  detection  of  sulphuretted  hydrogen  in 
neutral  or  acid  solution,  far  exceeding  in  this  respect  the  reactions 
with  lead  salts  and  nitroprussides.  100  c.c.  of  the  liquid  to  be 
tested  should  be  treated  with  2  c.c.  of  fuming  hydrochloric  acid, 
and  a  few  grains  of  dimethyl-paradiamido-benzene  sulphate  added. 
On  then  adding  a  drop  or  two  of  ferric  chloride  solution,  methy- 
lene blue  will  be  formed  either  immediately  or  on  standing,  if  any 
sulphuretted  hydrogen  was  previously  present. 

Methylene  blue  is  a  valuable  dye  for  cotton  yarn  and  calico- 
printing.  The  blue  produced  has  a  greenish  shade,  especially  in 
artificial  light.  The  color  is  faster  than  anihne  blue,  being  un- 
affected by  light  and  unacted  on  by  neutral  soap  solution  or  dilute 
hypochlorites.  Ammonia  is  also  without  action,  but  alkaline  soaps 
and  caustic  alkalies  remove  the  color.  On  treating  the  fabric  with 
hydrochloric  acid,  it  is  turned  green  and  the  dye  is  gradually  re- 
moved, the  acid  liquid  remaining  green.  Stannous  chloride  and 
other  reducing  agents  discharge  methylene  blue  more  rapidly  than 
other  blue  dyes.    A  three  per  cent,  solution  of  potassium  bichro- 
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mate  changes  a  fabric  dyed  with  methylene  bkie  to  violet,  and 
finally  discharges  it.  If  the  dye  was  mordanted  with  tannin,  a 
dark  brown  color  remains. 

The  behavior  of  methylene  blue  with  reducing  agents  and  the 
sensitiveness  of  the  resultant  leuco-derivative  render  the  coloring 
matter  of  great  value  in  bacteriological  research.  ' '  The  bacilli  of 
tuberculosis,  glanders,  and  cholera  were  first  discovered  by  the  aid 
of  methylene  blue."  ^ 

Ethylene  Blue  closely  resembles  methylene  blue,  but  is  pre- 
pared by  using  diethyl-aniline  instead  of  the  lower  homologue. 

Methylene  Red,  CjgHjgN^S^,2HCl,  is  a  secondary  product  ob- 
tained in  the  formation  of  methylene  blue,  especially  if  the  treat- 
ment with  sulphuretted  hydrogen  be  too  prolonged  and  much  ferric 
chloride  be  used.  It  remains  in  the  mother-liquor  when  the  blue 
is  precipitated  by  the  addition  of  salt.  It  is  decolorized  by  alka- 
lies and  reducing  agents,  and  turned  blue  by  oxidizing  agents.  A 
modified  methylene  blue  is  obtained  from  it  in  practice  by  treating 
the  acid  solution  first  with  zinc-dust  and  then  with  ferric  chloride. 

Metyhlene  Green  is  rnononitro-methylene-blue,  prepared  by 
the  action  of  nitrous  acid  on  that  dyestuff.  It  resembles  methylene 
blue  very  closely  in  its  properties,  being  dyed  in  the  same  manner. 
It  gives  bluish-green  shades  fast  to  light  and  soap. 

Thionine  Blue  (  G  and  0  extra)  is  the  zinc  chloride  double  salt 
of  trimethyl-ethylthionine.  It  occurs  as  a  reddish-brown  powder 
dissolving  in  water  to  a  bluish  solution.  It  dyes  cotton  on  a  tan- 
nin mordant. 

*  Methylene  Blue  (and  the  basic  aniline  colors  in  general)  may  be  rendered  sol- 
uble in  benzene,  carbon  disulphide,  etc. ,  by  converting  them  into  their  resinates 
or  oleates.  In  the  latter  method  the  dye-stuff  is  precipitated  by  a  soap  solution, 
the  resulting  oleate  filtered,  dried,  and  then  dissolved  in  the  solvent.  Or,  the  dry 
color  may  be  dissolved  in  an  alcoholic  solution  of  oleic  acid,  the  alcohol  afterwards 
being  distilled  off,  leaving  the  soluble  oleate  behind. 
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Commercial 
Name. 

Formula. 

Remarks. 

Oxazines. 
Azurin. 

^PTT  ^  ^iA\0  TT  /  (2)0(2)  )p  „  r(4)C02H 
(CH3)2N(4)CeH3 1  ^^^^^^^  j  CeH,  1  ^g^Qjj- 

Cl 

Gallocyanin. 

(Base:) 

(CH3).N(4)CeH3  {  [2)0(2)  |  CeH  jf! |oH 
0  ' 

From  gallic 
acid. 

Prune. 

(CH3),N(4)CeH3  { f fjgf ^)  1  c  gjoi 

t(l)N(i)>  ((6jC0.0CH3 

From  methyl 
ether  of  gal- 
lic acid. 

Meldola's 
Blue. 

CioHs  {  gjgg }  CeH3(4)N(CH3),  -h  ZnCl, 

ii 

Musearin. 

C,oH5(OH){g)0(2)|c^2^(4)j^((,jj^)^ 
CI 

Nile  Blue 

(C,H,),N(4)CeH3  {(2)0(2)  j  c,„H,(4)NH, 

^(S04) 

Nile  Blue  2  B. 

(C,H3),N(4)CeH3  {  g)0(g  1  c,oH5(4)NH.C,H7 
CI 

Metamine 
Blue  B. 

From  Mel- 
dola's blue. 

Capri  Blue 
GN. 

,CH,),N,4)C.H.{g)0g)}CeH,{(^>^(fH=)= 

CI 

Delphin  Blue. 

(CH3).N(4)CeH3{(2)0(2j|c,H|(4^^^^ 

1               ^\^)^-*K^) )  ((6)NII.C6H4.S03.Ml4 
CI 

From  gallo- 
cyanin. 

Gallanilie 
Violet  BS. 

Uncertain. 

Gallanilie  In- 
digo P  and 
PS. 

Uncertain. 

New  Methvl- 
ene  Blue 
GG. 

^CH3)2N(4)C6H3  { |2)0(2)  1  c,,H,(4)N(CH3)2 
CI 

From  Mel- 
dola's blue. 

Fast  Black. 
Fast  Blue 
Black. 

(CH3)2N(4)Cen3  {  gjggj }  CeH,  {  gggj }  C6H3(4)N(CH3), 
•                              CeH.  01 

OXAZINES. 
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Character  of 
Dyestuff. 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  Acid. 

Other  Charac- 
teristics, 

With 
Caustic 
Soda. 

With  Hy- 
drochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilution 
with  Water. 

Black  paste; 
violet  solution 
in  hot  water. 

Violet  solu- 
tion with 
paste. 

Cerise  solu- 
tion with 
paste. 

Blue. 

Cerise. 

Soluble  in  alco- 
hol. 

Gray  paste  or 
bronze  pow- 
der; insoluble. 

Violet  solu- 
tion with 
paste. 

Cerise  solu- 
tion with 
paste. 

Blue. 

Cerise. 

Soluble  in  alco- 
hol. 

Brown  powder 
or  paste;  vio- 
let solution. 

Brown  ppt. 

Cerise. 

Blue. 

Cerise. 

Soluble  in  alco- 
hol. 

Violet  powder; 
violet  solu- 
tion. 

Brown  ppt. 

Blue. 

Green. 

Blue. 

Soluble  in  alco- 
hol. 

Brown  powder; 
violet  solu- 
tion. 

Brown. 

Violet  ppt. 

Bluish- 
green. 

Violet  ppt. 

Bronze  crystals; 
blue  solution. 

Red  ppt. 

Green  crys- 
tals. 

Yellow. 

Blue. 

Soluble  in  alco- 
hol. 

Green  powder; 
blue  solution. 

Red  ppt. 

Green  crys- 
tals. 

Orange. 

Blue. 

Soluble  in  alco- 
hol. 

Violet  powder; 
blue  solution. 

Brown  ppt. 

Violet. 

Green. 

Blue. 

Soluble  in  alco- 
hol. 

Green  crystals; 
blue  solution. 

Blue  ppt. 

Red. 

Green. 

Red. 

Soluble  in  alco- 
hol. 

Brown  powder; 
violet  solu- 
tion. 

Redder. 

Violet. 

Blue  ppt. 

Black  paste; 
blue  solution. 

Violet. 

Red. 

Red. 

Claret. 

Soluble  in  alco- 
hol. 

Black  paste  or 
powder;  blue 
solution. 

Blue  ppt. 

Red. 

Soluble  in  alco- 
hol. 

Gray  powder; 
blue  solution. 

Black  ppt. 

No  change. 

Brown. 

Blue. 

hoi. 

Black  powder; 
violet  -  black 
solution. 

Black  ppt. 

Black  ppt. 

Black, 

Violet- 
black. 

Soluble  in  alco- 
hol. 
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Commercial 
Name. 

Formula. 

Remarks. 

Gallainine 
Blue. 

(Base :) 

(CH3),N(4,C.H,  {[2)0(2)  |c,H||jo|^^^ 
OH 

From  gallamic 
acid. 

Celestine 
Blue  B. 
Coreiue  RR. 

( (2)Ci(2)  ")  f(3)0H 
(C.H,),N(4)C.H3{S,j^[l)}c,H|(4)OH^^^ 

01 

Gallanilic 

Green. 
Fast  Green  G. 

(CH3),(4)CeH3{J2)g(2)  |CeH|;6!8o.NH.CeH 

^^'^''^'^-^  l(3)NH.CeH3{|^3NH, 

(Probable.) 

From  tannin- 
anilide. 

Fluorescent 

Blue. 
Resorcin 

Blue. 
Iris  Blue. 

||}c.H|<2jO(.,J,H{||f- 

From  resoru- 
fin. 

Alizarin 
Green  G. 

HO(3S}CxoH.{(2)0(2)|(.^^H^(6)gO^H 

Alizarin 
Green  B. 

Ho[3)}CioH4g)0(2)|^.^^2^(4)S03H 

Phenocya- 
nine. 

Uncertain. 

Condensation 
of  oxazines 
with  resor- 
cin. 

Gallazin  A. 

Uncertain. 

From  gallo- 
cyanin. 

Coreine. 

Uncertain. 

From  galla- 
luinic  acid. 

Coreine  AR 
and  AB. 

Uncertain. 

Action  of  ani- 
line on  co- 
reine. 

Fast  Green  M. 

Uncertain. 

Action  of  ani- 
line on  mus- 
carin. 

Thiazincs. 
Lauth's 
Violet. 

n,N(4)CeH3  { {2)|[2)  j  c,H3(4)NH2. 
CI 

Methylene 
Blue  B. 

(CH3),N(4)C6Cl3  { }  CeH3(4)N(CH3)2 
UCl 

Thinonine 
Blue  GO. 

(CH3),N(4)CeH3  { J2)  1  c^H3(4)N  { 
CI 

THIAZINES. 
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Character 
OF  Dyestukf. 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  Acid. 

Other  Char- 
acteristics. 

With 
Caustic 
Soda. 

With  Hy- 
drochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilu- 
tion with 
Water. 



Gray  paste;  blue 
solution. 

Violet. 

Red. 

Gray. 

Red. 

Chrome  dye  for 
wool. 

Greenish  -black 
powder;  violet 
solution. 

Violet. 

Cerise. 

Blue. 

Cerise. 

Soluble  in  alco- 
hol. 

Brown  paste  or 
powder;  bluish- 
green  solution. 

Green  ppt. 

Blue  ppt. 

Carmine. 

Brown 
ppt. 

Chrome  dye  for 
wool. 

Red  paste  filled  No  change, 
with  green  crys- 
tals; violet  soiu-  1 
tion  with  green  ' 
fluorescence.  [ 

Brown  ppt. 

Blue. 

Brown 
ppt. 

Brown  black 
powder;  green 
solution. 

Violet  ppt. 

Bordeaux 
ppt. 

Bluish- 
green. 

Red  ppt. 

Chrome  dye  for 
wool. 

Greenish-black 
powder ;  green 
solution. 

Green  ppt. 

Red  ppt. 

Violet. 

Red  ppt. 

Chrome  dye  for 
wool. 

Green  paste;  in- 
soluble. 

Brown  so- 
lution be- 
coming 
blue. 

Brown  solu- 
t  i  o  n  be- 
coming 
blue. 

Chrome  dye  for 
wool. 

Brown  paste; 
scarcely  soluble. 

Violet  so- 
lution. 

Red  ppt. 

Blue. 

Chrome  dye  for 
wool. 

Green  powder; 
blue  solution. 

Precipi- 
tate. 

Red. 

Blue. 

Red. 

Chrome  dye  for 
wool. 

Blue  paste ;  blue 
solution. 

-L  1  tV^lJ^Jl  Let ic 

Violet. 

YgHow. 

Chrome  dye  for 
wool. 

Brown  powder; 
insoluble  in 
water,  soluble 
in  acetic  acid. 

Red  ppt. 

Brown. 

Violet. 

Orange. 

Greenish  -black 
powder ;  violet 
solution. 

Red  ppt. 

Bluer. 

Green. 

Violet. 

Obsolete. 

Dark  blue  or 
brf)wn  powder; 
blue  solution. 

Violet  ppt. 

No  change. 

Yellowish- 
green. 

Blue. 

Soluble  in  alco- 
hol. 

Brown    powder ; 
blue  solution. 

Violet  ppt. 

No  change. 

Yellowish- 
green. 

Blue. 

Soluble  in  alco- 
hol. 
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Commer- 
cial 
Name. 

Formula. 

Remarks. 

Thiocar- 
raine  R. 

SOa.CeH^.CHa  N(4jC6H3-! 

(2)S(2))  p  jj  r41N-f^^S5 

(IjN(l)  /  ^e-^sl-iJiN  IcH^.CeH^.SO^Na 

Toluidine 
Blue  0. 

(Cn3).N(4)C.H3{[g|(?)}c.H.{g)™ 

New  Meth- 
ylene 
Blue  N. 

C2H5NH(4)1  p  jj  . 

f(2)S(2))     jj  f(3)CH3 
CI 

Brilliant 
Alizarin 
Blue  G. 

(CH3).N(4)CeH3- 

Brilliant 
Alizarin 
Blue  R. 

C2H4n(4^CH   /(2)S(2))(.  ^1(4)0 
HSOa.CsH^.CH.;  ^^^^'''"e-ti-a  |  (i)N(l)  / '"^O'^n  (3jOLi 

Gentianin. 

(CH3),N(4)CeH3  { j  CeH3(4)NH.HCl 
CI 

Methylene 
Green  G. 

(CH3)3N(4)C6H3 
1 

CI 

f(2)S(2))p  jj  r(4)N(CH3)2 

From  meth- 
ylene blue. 

9.  Quinoline  and  Acridine  Dyestuffs. 

This  class  of  dyestuffs  is  not  a  very  extensive  one,  and  the  pre- 
cise constitution  of  many  of  its  members  is  rather  uncertain.  Both 
quinoline  and  acridine,  together  with  their  homologues,  are  chro- 
mogenic  bodies  which  give  rise  to  dyestuffs  by  combining  with  a 
l)enzene  residue  and  the  subsequent  introduction  of  amido-groups. 
Flavaniline  and  chrysaniline  are  typical  representatives  of  this 
class.  There  also  api)ears  to  be  another  class  in  which  several 
quinoline  groups  are  linked  together  by  means  of  the  methane 
residue,  and  hence  they  resemble  somewhat  in  their  constitution 
the  diphenylmethane  dyestuffs.  The  cyanines  and  quinoline  yel- 
low probably  belong  to  this  class,  although  the  constitution  of  these 
bodies  has  not  yet  been  satisfactorily  explained. 

Flavaniline.  CjpH,jN,,HCl.  When  acetanilidc  is  heated  with 
zinc  chloride  to  a  temperature  of  250°-270°  C,  it  is  converted  into 
a  coloring  matter,  the  free  l)ape  of  which  has  the  constitution  of  a 
para-a  m  i  d  o  p  h  e  n  y  l-j'-l  e  p  i  d  i  n  e,  or   y-le  p  i  d  i  n  e- a  n  i  - 
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Character  of 

DYESTUfF. 

Reaction  of  Aqueous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  Acid. 

Other  Charac- 

T-ERISTICS. 

With 
Caustic 
Soda. 

With  Hy- 
drochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilu- 
tion with 
Water. 

Blue  powder; 
blue  solution. 

No  change. 

No  change. 

Yellowish- 
green. 

Blue. 

Soluble  in  alco- 
hol. 

Green  powder; 
violet  solu- 
tion. 

Violet  ppt. 

Blue. 

Yellowish- 
green. 

Blue. 

Soluble  in  alco- 
hol. 

Metallic  pow- 
der; blue  solu- 
tion. 

Brown  ppt. 

No  change. 

Yellowish- 
green. 

Blue. 

Soluble  in  alco- 
hol. 

Brown  paste; 
blue  solution. 

Violet. 

Violet  ppt. 

Green. 

Violet. 

Soluble  in  alco- 
hol. 

Black  paste;  in- 
soluble. 

Blue  ppt. 

Green. 

Green. 

Violet. 

Soluble  in  alco- 
hol. 

Brown  powder; 
violet  solu- 
tion. 

Violet  ppt. 

No  change. 

Yellowish- 
green. 

Violet. 

Soluble  in  alco- 
hol. 

Brown  powder; 
green  solu- 
tion. 

Violet  ppt. 

Greener. 

Green. 

Blue. 

Soluble  in  alco- 
hol. 

line.  The  reaction  consists  in  the  conversion  of  acetanilide  into 
the  isomeric  ortho-amido-aceto-phenone,  the  subsequent 
conversion  of  a  portion  of  this  into  para-amido-acetophenone,  and 
the  coalescence  of  one  molecule  of  each  of  these  bodies  with  elimi- 
nation of  water,  thus: — 

C,U,. NH.CCCHg) : 0     -  C,H,(NH,) . C(CU,)  :  0 

Acetanilide.  Amido-acetophenone. 

2CA(NH.).C(CH3):0  ^  C.H,  {  SSS^f^^c.H/DNH +2H.0 

Amido-acetophen  one.  Para-amidophenyl-lepidins. 

Flavaniline  is  now  almost  obsolete  in  commerce.  It  is  a  hydro- 
chloride of  the  base,  and  occurs  as  an  orange-yellow  crystalline 
powder,  readily  soluble  in  w^ater  with  a  yellow  color.  The  solu- 
tion is  unchanged  by  hydrochloric  acid,  but  on  adding  soda  yields 
a  milky  precipitate  of  the  free  base,  soluble  in  ether,  without  color, 
but  with  a  steel-blue  fluorescence.    In  strong  sulphuric  acid,  flavan- 
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iline  dissolves  with  a  dirty-yellow  color  and  blue  fluorescence.  Fla- 
vaniline  dyes  wool  and  silk  yellow  without  a  mordant.  Silk  dyed 
with  flavaniline  exhibits  a  flne  moss-green  fluorescence. 

Flavaniline  is  a  sulphonated  flavaniline.  It  resembles  the 
basic  dye,  but  the  solution  is  gradually  decolorized  by  soda  with- 
out a  precipitate  being  formed.  In  strong  sulphuric  acid  it  forms 
a  colorless  solution,  becoming  yellow  on  dilution. 

Quinoline  Yellow.  By  heating  quinaldin  with  phthalic  anhy- 
dride and  chloride  of  zinc,  a  phthalein  is  formed  of  the  composi- 
tion : — 


The  product  forms  a  yellow  powder,  which  is  insoluble  in  water, 
but  difiicultly  soluble  in  alcohol,  to  form  a  yellow  solution.  In 
strong  sulphuric  acid  the  dye  dissolves  with  a  yellowish-red  color, 
the  solution  giving  a  flocculent  yellow  precipitate  on  dilution.  By 
sulphonation,  quinoline  yellow  yields  a  disulphonic  acid, 
the  sodium  salt  of  which  contains  CgH,:  (CO)2:CH.CgH,(S03Na)2N, 
and  is  known  as  water-soluble  quinoline  yellow.  It  forms  a  bright 
yellow  powder,  dissolving  easily  in  water  with  an  intense  yellow 
color,  which  is  unaltered  by  dilute  acids  but  is  turned  somewhat 
darker  by  ammonia.  The  dye  is  not  applicable  to  cotton.  On 
silk  and  wool,  in  a  bath  acidulated  with  sulphuric  acid,  it  yields 
very  pure  shades  of  yellow,  which  stand  light  fairly  w^ell. 

Cyanine  or  Quinoline  Blue,  C.^^Hg-NJ,  is  obtained  by  heating 
a  mixture  of  quinoline  and  lepidine  with  an  alkyl  iodide  in  the 
presence  of  an  alkali.  It  is  a  strongly  basic  compound  and  its 
mono-acid  salts  occur  as  beautiful  blue  crystals.  It  is  not  im- 
portant as  a  dyestuff,  as  the  shades  obtained  with  it  are  very  sensi- 
tive to  light  and  acids.  It  is  insoluble  in  cold  water,  and  only 
slightly  so  in  hot  water,  giving  a  violet-blue  solution  which  smells 
of  quinoline.  With  strong  sulphuric  acid  it  evolves  iodine  on 
heating.  Of  late  this  dyestuff  has  found  application  in  the  pre- 
paration of  isochromatic  photographic  plates. 

Quinoline  Red  is  a  similar  body  obtained  by  the  action  of  benzo- 
trichloride  on  quinoline  in  the  presence  of  zinc  chloride.  Its  for- 
mula is  C2gH,.,N.^Cl,  and  its  constitution  is  probably  analogous  to 
triphenylmethane : 
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It  occurs  as  small  brownish-red  needles,  insoluble  in  cold  water, 
though  fairly  soluble  on  warming.  In  alcohol  it  yields  a  red  solu- 
tion exhibiting  an  orange  fluorescence.  It  is  not  employed  to  any 
extent  as  a  dyestuff,  but  finds  a  similar  use  to  cyanine,  a  mixture 
of  the  two  constituting  the  so-called  Azalin. 

Aldehyde  Green.^  C22H27N3S2O.  This  coloring  matter,  now 
practically  obsolete,  is  of  interest  as  being  one  of  the  first  green 
dyes  obtained  from  aniline.  It  was  prepared  by  the  reaction  of 
aldehyde  on  magenta  and  treatment  of  the  product  with  sodium 
thiosulphate  (hyposulphite).  It  formed  an  amorphous  green 
powder,  insoluble  in  water  and  but  little  soluble  in  alcohol,  but 
readily  soluble  in  a  mixture  of  alcohol,  water,  and  sulphuric  acid. 

Benzoflavine  is  the  typical  member  of  a  series  of  basic  dye- 
stuffs  obtained  by  the  reaction  of  one  molecule  of  benzaldehyde  on 
meta-toluylene-diamine  (or  other  aromatic  meta-diamine)  and  one 
of  its  hydrochloride  or  sulphate.  The  product,  C^J1^^^^,211CI, 
consisting  of  the  hydrochloride  of  tetramido-ditolylphenylmethane, 
is  heated  with  hydrochloric  acid  under  pressure,  when  the  hydro- 
chloride of  hydrodiamido-dimethyl-phenylacridine,  CgiHg^Ng,  is 
obtained,  with  elimination  of  ammonia.  On  exposure  to  air  or 
treatment  with  an  oxidizing  agent  of  moderate  power,  such  as 
ferric  chloride,  this  body  is  oxidized  to  diamido-dimethyl- 
phenylacridine  or  benzoflavine.  The  new  coloring  matter  is 
a  yellow  substance  soluble  with  difficulty  in  cold  water,  but  more 
readily  on  heating.  It  is  precipitated  from  its  aqueous  solution 
by  dilute  acids.  In  strong  sulphuric  acid  it  dissolves  with  yellow 
color  and  pronounced  yellowish-green  fluorescence.  The  alcoholic 
solution  shows  an  intense  yellowish  fluorescence,  which  disappears 
on  the  addition  of  an  acid.  The  free  base  of  benzoflavine  is 
colorless  and  insoluble  in  water,  but  soluble  in  alcohol  and  ether. 
Benzoflavine  is  chiefly  dyed  on  the  cotton  fibre,  for  which  purpose 
the  material  is  mordanted  with  tannin  and  tartar  emetic.  It  yields 
a  very  pure  yellow  shade  which  is  quite  fast  to  soap  and  light.  It 
is  mostly  used  for  shading  malachite  green  and  safranine,  and  in 
calico-printing. 

AcRiDiNE  Orange,  Cj^H^gNgHCl  +  ZnC\,  is  the  zinc  chloride 
double  salt  of  tetramethyldiamido-acridine.  It  is  a  basic  dyestuff 
resembling  chrysaniline.  Its  solution  in  water  and  alcohol  is 
orange  in  color  and  exhibits  a  green  fluorescence.    It  gives  orange 

^  Also  known  as  Aniline  Green  and  Usebe' s  Green. 
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shades  on  mordanted  cotton  which  are  very  fast  to  soap.  It  is 
also  used  for  dyeing  leather,  to  which  it  imparts  a  peculiar  golden 
lustre. 

Chrysaniline.  Phosphine.  This  coloring  matter,  also  called 
Aniline  Yelloiv,  Aniline  Orange,  and  Leather  Yellow,  Philadelphia  Yel- 
low G,  Xanthin,  Leather  Broivn,  Phosphine  II,  N,  and  P,  Patent 
Phosphine  and  Nankin,  is  obtained  as  a  secondary  product  of  the 
manufacture  of  magenta.^ 

Pure  chrysaniline  has  the  constitution  of  a  d  i  a  m  i  d  o  - 
phenyl-acridine  : — 

CA:{^}:CA.NH,;  or  N  {  § 
I 

C,H,NH, 

The  commercial  product  phosphine  is  usually  the  nitrate  or 
according  to  Benedikt  the  hydrochloride,  of  chrysaniline, 
mixed  with  more  or  less  of  the  corresponding  salt  of  the  homologue 
chrysotoluidine,  C2oH^^N3. 

Commercial  phosphine  forms  an  orange-yellow  powder,  readily 
soluble  if  the  hydrochloride,  but  difficultly  if  the  nitrate,  to  a 
reddish-yellow  solution.  It  is  also  soluble  in  alcohol.  Dilute 
hydrochloric  acid  simply  deepens  the  color,  but  with  excess  of"  the 
strong  acid  a  dihydrochloride  is  precipitated,  readily  soluble 
in  pure  water.  Ammonia  and  soda  liberate  free  chrysaniline 
as  an  amorphous  yellow  precipitate,  which  melts  on  boiling,  the 
liquid  being  colored  pale  yellow.  The  precipitate  is  soluble  in 
ether.  Phosphine  dissolves  in  strong  sulphuric  acid  to  form  a 
reddish-yellow  solution  which  exhibits  a  strong  green  fluorescence. 
On  dilution,  a  reddish-yellow  solution  is  obtained. 

^  The  resinous  bye-products  contain  clirysaniline,  mauvaniline,  violaniline,  a 
little  rosanilinc,  and  undefined  resinous  matters.  On  boiling  the  mass  with  dilute 
hydrochloric  acid,  resins  and  violaniline  remain  insoluble.  By  fractional  precip- 
itation of  the  filtered  solution  with  lime,  mauvaniline,  rosaniline,  and  chrysani- 
line are  successively  precipitated.  Chrysaniline  may  be  more  easily  prepared  from 
the  mother-liquors  which  remain  after  precipitating  the  magenta  by  salt,  in  the 
arsenic  acid  process.  More  salt  is  added  to  the  liquid  and  then  lime,  the  precipi- 
tate treated  with  dilute  nitric  acid,  and  the  sparingly  soluble  nitrate  of  chrysani- 
line precipitated  by  adding  excess  of  nitric  acid  to  the  solution.  The  deliberate 
synthesis  of  chrysaniline  has  been  effected  by  heating  benzoic  acid  and  diplienyl- 
amine  with  zinc  chloride,  nitrating  the  resultant  plienylacridine,  and  reducing 
it  to  the  diamido-dcrivative. 
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On  adding  nitric  acid  or  sodium  nitrate  to  a  tolerably  concen- 
trated solution  of  phosphine,  the  sparingly  soluble  chrysani- 
line  nitrate  separates  as  a  red  crystalline  precipitate.  In  warm 
solutions,  the  precipitate  is  produced  slowly,  and  on  stirring  the 
liquid  is  deposited  in  streaks  in  the  track  of  the  glass  rod.  Under 
the  microscope  the  precipitate  is  seen  to  consist  of  needles.  This 
characteristic  reaction,  when  carefully  applied,  distinguishes  phos- 
phine from  other  yellow  coloring  matters,  but  is  liable  to  fail  in 
solutions  of  the  nitrate.  Hence  a  preferable  plan  is  to  liberate  the 
base  by  ammonia,  agitate  with  ether,  treat  the  separated  ethereal 
solution  with  dilute  acetic  acid,  concentrate  the  acetic  solution, 
and  add  sodium  nitrate.  This  mode  of  operating  excludes  the 
possibility  of  confusion  with  nitro-com pounds,  which  often 
yield  yellow  crystalline  precipitates  on  treating  their  solutions  with 
nitric  acid  or  potassium  nitrate.  But  the  nitro-dyes  are  not  ex- 
tracted by  agitating  their  ammoniacal  solutions  with  ether,  though, 
unlike  chrysaniline,  most  of  them  are  extracted  from  their  acidu- 
lated solutions.  Nitro-compounds  are  further  distinguished  by  the 
red  or  brownish  color  developed  on  boiling  with  potassium  cyanide; 
whereas  phosphine  gives  a  yellow  precipitate  in  the  cold,  and  the 
liquid  acquires  a  yellow  color  on  boiling. 

On  treatment  with  stannous  chloride  and  hydrochloric  acid, 
chrysaniline  solutions  are  decolorized,  but  the  yellow  color  rapidly 
returns  on  exposing  the  reduced  liquid  to  the  air. 

When  heated  with  3  or  4  parts  of  hydrochloric  acid  to  160°- 
180°  C,  chrysaniline  is  decomposed  with  formation  of  ammonium 
chloride  and  chrysophenol,  CjgHj^N^O,  in  the  same  w^ay  tlmt 
flavaniline  yields  flavenol,  and  auramine  tetramethyl-benzoj^he- 
none. 

Phosphine  behaves  to  fibres  like  the  other  basic  aniline  dyes. 
It  produces  a  yellow  on  silk  or  wool,  and  is  used  in  admixture 
Avith  magenta  for  dyeing  silk  scarlet.  On  cotton  mordanted  with 
aluminium  acetate  it  gives  a  nankin-yellow  which  will  stand  soap- 
ing. 

Acids  redden  fibres  dyed  with  phosphine,  and  after  a  time  the 
coloring  matter  is  removed.  Alkalies  turn  the  fibre  to  a  greenish- 
yellow  paler  than  the  original.  Reducing  agents  decolorize  it 
gradually. 
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Commercial 
Name. 

Formula. 

Remarks. 

Quinolines. 
Fla,va.nilin6. 

l(2)N=C(4)C6H4(l)NH2.HCl 

Flavaniline  S. 

Sodium  salt  of  flavaniline  sulphonic  acid. 

From  flavaniline. 

Quinoline  yel- 
low (spirit 
soluble). 

f(l)CO 

CeHj  >0 

l(2)C=CH.C9H6N 

From  quinaldine. 

Quinoline  yel- 
low (water 
soluble). 

Sodium  disulphonate  of  the  preceding. 

From   the  above 
dyestuff. 

Cyanine. 

Uncertain. 

Fromamyl  iodide. 

Quinoline 
Red. 

C-^  CH-j.CgHeN 
(CgHeN.Cl 

From  quinaldine 
and  isoquino- 
line. 

Aldehyde 

Quinoline  derivative  of  rosaniline. 

From  aldehyde 

cillU.  1  U^sclllillilt;, 

Acridines. 
Benzoflavine. 

^      a\"J  J                  (^(1)C(1)J                   ^\'^J^  3 

Acridine 
Orange. 

f(2)N  (2)) 

(CH3)2N(4)CeH3^       1  VCeH3(4)N(CH3),.HCl 
((l)CH(l)) 

+ZnCl2 

Acridine 
Orange  R. 

f(2)N(2)) 

(CH3)2N(4)CeH3^      1  ^C6H3(4)N(CH3)2.HC1 
Ul)C(l)j 

CeH, 

Acridine 
Yellow. 

Chrysaniline. 
Phosphine. 

f(2)N(2)) 
CeH.,^      L  k6n3(4)NH2 
l(l)C(l)j 

i6H4(4)NH2 

From  magenta  res- 
idues. 

ACRIDINES. 
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Character  of 
Dyestuff. 

Reaction  of  Aqufous 
Solution. 

Reaction  of  Dye  with 
Sulphuric  Acid. 

Other  Charac- 
teristics. 

With 
Caustic 
Soda. 

With  Hy- 
drochloric 
Acid. 

With 
Strong 
Acid. 

On  Dilution 
with  Water. 

Orange  crj'^stals; 
yellow  solu- 
tion. 

! 

White  ppt. 

No  change. 

Colorless. 

Obsolete. 

Orange  powder; 
yellow  solu- 
tion. 

Decolor- 
ized. 

No  change. 

Colorless. 

Yellow. 

Obsolete. 

Yellow  powder; 
insoluble. 

Orange. 

Yellow  ppt. 

Soluble  in  alcohol. 
Dye  for  varnishes. 

Yellow  powder; 
yellow  solu- 
tion. 

Darker. 

Brighter. 

Orange. 

Yellow. 

Soluble  in  alcohol. 

Green  crystals; 
blue  solution. 

Blue  ppt. 

Colorless. 

Colorless. 
Colorless. 



Colorless. 

Used   in  photog- 
raphy. 

Red  crystals; 
red  solution. 

Red. 

Soluble  in  alcohol. 
Used   in  photog- 
raphy. 

Green  powder; 
insoluble. 

Soluble  in  alcohol. 

Orange  powder; 
yellow  solu- 
tion. 

Pale  yel- 
low ppt. 

Orange  ppt. 

Greenish- 
yellow. 

Orange  ppt. 

Soluble  in  alcohol. 

Orange  powder; 
orange  solu- 
tion, green 
fluorescence. 

Yellow 
ppt. 

Red. 

Colorless. 

Orange. 

Soluble  in  alcohol. 

Orange  powder; 
orange  solu- 
tion, with 
green  fluores- 
cence. 

Yellow 
ppt. 

Red. 

Colorless. 

Orange. 

Soluble  in  alcohol. 

Yellow  powder; 
yellow  solu- 
tion, green 
fluorescence. 

YelloAV 
ppt. 

Yellow  ppt. 

Yellow. 

Yellow  ppt. 

Soluble  in  alcohol. 

Orange  powder; 
orange  solu- 
tion. 

( 
1 

Yellow 
ppt. 

Brighter. 

Orange. 

Orange. 

Soluble  in  alcohol. 
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10.  Thiobenzenyl  or  Thiazol  Dyestuffs. 

There  is  a  small,  yet  important,  group  of  coloring  matters,  in- 
cluding primuline  and  the  thiofiavines,  in  which  the  chromophoric 
group  appears  to  consist  of  a  five-membered  ring  built  up  of  sul- 
phur, nitrogen  and  carbon.  The  constitution  of  this  ring  seems  to 
conform  to  the  following  scheme: 


•to 

— c— s 

I 

— C— N 


The  two  carbon  atoms  on  the  one  side  being  in  a  benzene  nucleus, 
while  the  other  carbon  atom  is  a  methane  residue.  Dehydrothio- 
paratoluidine  may  be  considered  as  the  starting  point  in  the  prepa- 
ration of  the  thiazol  dyes.  This  substance  is  an  amidobenzenyl- 
toluylmercaptan  and  has  the  following  constitution: 


CH3(4)CeH3  {  C(l)CeH,(4)NH,. 

The  general  method  of  preparation  of  the  thiazol  dyestuffs  is  the 
action  of  sulphur  on  paratoluidine  or  its  homologues.  By  heating 
a  mixture  of  these  two  substances  dehydrothio-paratoluidine  is 
obtained;  if  the  reaction  is  continued  for  a  longer  period  of  time, 
another  product  is  obtained  which  is  distinguished  from  the  former 
by  its  intense  color  and  slight  solubility  and  basicity.  This  sub- 
stance is  primuline,  and  appears  to  contain  three  thiazol  rings: — 

CH3.QII3  { I  }  C  CeH3  { I }  C  CeH3  { | }  C.C.li,  { 

The  thiazol  dyestuffs  are  all  yellow,  and  readily  soluble  in  water. 

Thioflavine  T,  Cj^HjgN^SCl,  is  the  trimethyl  chloride  derivative 
of  dehydro-thiotoluidine,  and  has  the  following  constitution: — 

CH3(4)CeH3  {  |^)|  I C.  ( 1  )CeH,( 4 )N( 0113)301. 

It  is  obtained  by  the  action  of  methyl  chloride  on  dehydrothioto- 
luidine  or  by  the  action  of  methyl  alcohol  and  hj^drochloric  acid. 
It  is  brought  into  commerce  in  the  form  of  a  yellow  crystalline 
powder  which  is  easily  soluble  in  water  and  alcohol  with  a  yellow 
color,  the  solutions  possessing  a  green  fluorescence,  especiall}^  the 
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alcoholic  solution.  The  aqueous  solution  is  unaffected  by  the 
addition  of  caustic  soda  or  hydrochloric  acid.  With  strong  sul- 
phuric acid  the  dyestuff  gives  a  colorless  solution  which  becomes 
yellow  on  dilution  with  water.  Thioflavine  T  is  used  for  dyeing 
silk  and  cotton  mordanted  with  tannin;  the  shades  so  obtained  are 
a  fine  greenish-yellow,  which  on  silk  exhibit  a  green  fluorescence. 

Thioflavine  S  is  a  dyestuff  produced  in  the  same  reaction  with 
the  above,  being  separated  from  the  former  by  means  of  its  sparing 
solubility  in  dilute  hydrochloric  acid.  The  dyestuff  is  a  sulphonic 
acid  salt  which  is  sold  in  the  form  of  a  yellow  pow^der,  soluble  in 
water  and  alcohol  with  a  yellow  color,  the  solution  in  the  latter 
possessing  a  green  fluorescence.  The  addition  of  caustic  soda 
causes  no  change  in  the  aqueous  solution,  but  hydrochloric  acid 
throws  down  an  orange-yellow  precipitate.  The  dyestuff  dissolves 
in  strong  sulphuric  acid  to  a  brownish-yellow  solution,  from  which 
an  orange  precipitate  separates  on  dilution  with  water.  Thio- 
flavine S  dyes  unmordanted  cotton  from  an  alkaline  bath,  but  the 
shades  produced  are  not  fast  to  light  or  acids,  though  they  resist 
alkalies  fairly  well.  They  are  unaffected  by  reducing  agents  and 
cannot  be  stripped  from  the  fibre. 

Primuline/  C^^H^^N^OyS^Na,  of  which  the  composition  has  been 
given  on  page  368,'^  is  obtained  by  heating  two  molecules  of  para- 
toluidine  with  four  to  five  equivalents  of  sulphur  at  200°  to  280° 
C. ;  the  primuline  base  so  obtained  is  then  treated  with  fuming  sul- 
phuric acid.  The  commercial  product  is  a  yellow  powder,  which  is 
very  soluble  in  hot  water.  The  very  dilute  aqueous  solution  of 
primuline  exhibits  a  blue  fluorescence.    In  a  5  per  cent,  neutral 

^  Also  known  as  Carnotin,  Polychromine,  Thiochromogene,  Aureolin^  and  Sulphine. 
'■'Green  represents  the  constitution  of  the  primuline  base  by  the  formula: 


but  Pfitzinger  and  Gattermann  (Ber.  xxii,  1063)  contend  that  the  for- 
mula should  be : 


since  his  reactions  appear  to  indicate  that  the  formula  for  dehydrothiotoluidine 
should  be: 


and  not  CHg.CgHa  |  }  CgHg.NHa  as  given  by  Green. 
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bath  at  a  boiling  temperature,  primuline  dyes  cotton  a  lemon-yellow 
color,  which  is  tolerably  fast  to  scouring,  entirely  unaffected  by 
alkalies,  and  turned  a  golden  yellow  by  acids.  The  affinity  of  the 
fibre  for  the  coloring  matter  is  increased,  and  consequently  deeper 
shades  may  be  obtained,  by  addition  of  sodium  chloride  or  sul- 
phate to  the  bath.  Keducing  agents  produce  no  change,  but  the 
color  is  attacked  by  oxidizing  agents,  such  as  bleaching  powder  or 
chromic  acid.  By  the  latter  the  shade  is  changed  to  olive,  Avhile 
boiling  solutions  of  hypochlorites  turn  the  color  to  orange-yellow, 
which  is  very  fast  to  all  agents. 

The  aqueous  solution  of  the  dyestuff  is  unaffected  by  the  addi- 
tion of  caustic  soda,  while  hydrochloric  acid  throws  down  a  yellow 
precipitate.  The  dyestuff  dissolves  in  strong  sulphuric  acid  to  a 
pale  yellow  solution  with  a  green  fluorescence;  dilution  with  water 
causes  the  separation  of  an  orange-yellow  precipitate. 

Since  primuline  contains  an  amido-group,  it  is  capable  of  being 
diazotized,  and  this  operation  may  be  readily  performed  on  the 
dyed  fibre  by  passing  the  washed  material  through  a  dilute  solu- 
tion of  sodium  nitrite  (3  to  5  per  cent.)  acidulated  with,  sulphuric 
acid.  If  the  fabric  be  then  again  washed  and  immersed  without 
delay  in  a  developing  solution  of  one  of  the  naphthols,  naphthyl- 
amines,  or  their  derivatives,  various  shades  of  yellow,  orange, 
scarlet,  or  maroon  may  be  obtained.'  The  colors  so  obtained  are 
termed  ingrain  colors,  and  are  characterized  by  their  extraordinary 
fastness  to  scouring,  milling,  acids,  etc.,  being  said  to  be  only 
equaled  in  this  respect  by  alizarin  and  its  congeners,  and  to  far 
exceed  the  ordinary  benzidine  dyes. 

Chloramine  Yellow  is  a  dyestuff  of  unknown  constitution, 
obtained  by  the  oxidation  of  dehydrothiotoluidine-sulphonic  acid. 
It  is  a  brownish-yellow  powder,  soluble  in  water  with  a  yellow 
color,  but  insoluble  in  alcohol.  The  addition  of  either  hydro- 
chloric acid  or  sodium  hydrate  to  the  solution  produces  an  orange- 
yellow  precipitate.    With  strong  sulphuric  acid  the  dyestuff  yields 

*  The  following  shades  are  obtained  with  the  different  developers: 
"With  beta-naphthol,  red. 

With  beta-naphthol-disulphonic  acid  K,  maroon. 

With  resorcinol,  orange. 

With  phenol,  yellow. 

With  nieta-phenylene-diamine,  brown. 

With  alpha-naphthol-sulphonic  acid  NW,  crimson. 

With  benzyl-naphthylamine  and  ethyl-betanaphthylamine,  bordeaux. 
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a  deep  red  solution  from  which  a  light  brown  precipitate  is  thrown 
out  on  dilution  with  water.  Chloramine  yellow  produces  pure 
yellow  shades  on  wool  and  unmordanted  cotton,  which  are  fast  to 
hght. 

OXYPHENINE,  OXYPHENINE  GoLD,  ChLOROPHENINE  G  and  ThIO- 

PHOSPHiNE  J  are  dyestuffs-  which  are  produced  in  a  manner  simi- 
lar to  the  above,  and  no  doubt  possess  an  analogous  constitution. 
Their  properties  and  application  are  the  same  as  chloramine 
yellow. 

Chromine  G  is  a  dyestuff  similar  to  thioflavine  S,  and  is  obtained 
by  the  action  of  sulphur  at  elevated  temperatures  on  dehydrothio- 
toluidine,  methylating  the  product  so  obtained,  and  then  sulpho- 
nating  by  means  of  fuming  sulphuric  acid.  It  is  a  yellowish-brown 
powder,  giving  a  yellow  solution  in  water  and  alcohol.  The  aque- 
ous solution  treated  with  hydrochloric  acid  suffers  scarcely  any 
change,  a  slight  brownish  precipitate  being  formed.  Caustic  soda 
turns  the  solution  to  a  greenish-yellow.  Strong  sulphuric  acid 
dissolves  the  dyestuff  to  a  greenish-yellow  solution,  exhibiting  a 
blue  fluorescence  and  giving  an  orange  precipitate  on  dilution  with 
water.  Chromine  G  is  employed  in  the  same  manner  as  Thiofla- 
vine S,  yielding  fine  yellow  shades  which  are  fast  to  soap  but  very 
fugitive  to  light. 

Mimosa  is  a  diazotized  compound  of  primuline,  treated  with 
ammonia.  Its  formula  and  constitution  has  not  been  determined. 
It  is  sold  in  the  form  of  a  yellowish-brown  powder,  soluble  in  water 
and  alcohol  with  a  yellow  color.  With  hydrochloric  acid  the 
aqueous  solution  throws  down  an  orange  precipitate,  while  sodium 
hydrate  gives  a  scarlet  precipitate.  Strong  sulphuric  acid  gives  a 
yellowish-brown  solution,  which  on  dilution  with  water  yields  a 
brown  precipitate  and  evolves  nitrogen.  Mimosa  dyes  a  yellow  on 
unmordanted  cotton  which  is  fast  to  soap  but  fugitive  to  light. 

II.  Dyestuffs  of  Unknown  Constitution. 

There  are  a  few  dyestuffs  having  a  technical  importance  whose 
chemical  constitution  is  either  very  uncertain  or  totally  unknown. 
Such,  for  instance,  are  aniline  black,  cachou  de  laval,  thiocatechine, 
the  ursol  blacks,  vidal  black,  and  the  direct  greys. 

Aniline  Black.  By  the  oxidation  of  aniline  under  suitable 
conditions  a  very  stable  black  coloring-matter  is  formed.  The 
most  perfect  black  is  yielded  by  pure  aniline  boiling  at  182°  C. 
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Orthotoluidine  gives  a  bluish-black  and  paratoluidine  a  brown- 
black.  ^ 

The  oxidation  of  aniline  to  aniline  black  may  be  effected  by 
potassium  bichromate,  permanganate,  or  chlorate,  and  by  various 
other  oxidizing  agents."^  In  practice,  a  readily  changeable  metallic 
salt  is  employed  as  a  carrier  of  oxygen,  aTery  suitable  combination 
being  a  chlorate  (preferably  that  of  sodium)  and  cupric  sulphate. 
Ammonium  vanadate  now  receives  an  application  in  the  pro- 
duction of  aniline  black,  as  it  is  readily  reduced  to  vanadium 
chloride,  and  this  is  immediately  reoxidized  to  a  vanadate  by  the 
chlorate  simultaneously  employed.  One  part  of  vanadium  will  do 
the  duty  of  4000  of  copper,  and  suffice  for  the  production  of  from 
10,000  to  20,000  parts  of  aniline  black.  Electrolytic  oxygen  may 
also  be  employed  for  producing  aniline  black. 

To  produce  aniline  black  in  a  pure  state,  40  parts  of  aniline 
hydrochloride,  40  of  cupric  sulphate,  20  of  potassium  chlorate,  and 
16  parts  of  ammonium  chloride  should  be  dissolved  in  500  parts 
of  water,  and  the  solution  heated  to  about  60°  C.  The  black 
precipitate  formed  may  be  purified,  if  desired,  by  boiling  it 
successively  with  hydrochloric  acid,  alcohol,  ether,  benzene,  and 
chloroform.  The  product  is  the  hydrochloride  of  a  base  called 
nigra niline,  which  may  be  obtained  in  a  free  state  by  treating 
the.  coloring  matter  with  a  dilute  alkali. 

Nigraniline  has  the  empirical  formula  C^HgN,  and  consequently 
possesses  the  same  percentage  composition  as  a  z  o  b  e  n  z  e  n  e.  Its 
molecular  formula,  according  to  Nietzki,  is  probably  C30H25N5. 
According  to  Liechti  and  Suida,  however,  aniline  black  is  a 
chlorinated  base  called  e  m  e  r  a  1  d  i  n  e,  containing  CjgHj^ClN3,  all 
the  salts  of  which  contain  chlorine,  which  cannot  be  removed  even 
by  treatment  with  argentic  oxide.  Nigraniline  is  a  weak  base,  and 
combines  with  two  equivalents  of  acids  to  form  a  series  of  dark 
green  salts,  which  are  insoluble  in  and  partially  decomposed  by 
.water. 

Aniline  black  is  turned  dark  green  by  sulphurous  acid,  and  other 

^  Naphthamein,  or  Naphthalene  Violet,  is  a  coloring  matter  produced  by 
treating  the  hydrochloride  of  alphanaphthylamine  with  ferric  chloride  or  other 
oxidizing  agent.  It  forms  an  amorphous,  purple  precipitate,  insoluble  in  water, 
alkalies,  and  dilute  acids,  and  only  sparingly  soluble  in  alcohol,  but  readily  sol- 
uble in  ether  or  acetic  acid.    In  strong  sulphuric  acid  it  dissolves  with  blue  color. 

'■^  Fl  i  n  toff  has  shown  that  magenta  is  sometimes  formed  during  the  develop- 
ment of  aniline  black  on  cotton. 
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mineral  acids  also  affect  it;  but  if  it  be  treated  with  an  acid  solu- 
tion of  potassium  bichromate  the  black  color  becomes  permanent, 
and- is  no  longer  affected  by  treatment  with  acids  or  reducing  agents. 
According  to  Liechti  and  Suida,  this  unalterable  black  is  not  a 
chromate  of  the  base,  but  the  compound  of  an  oxidation-product 
with  chromic  oxide  (Cr^Og). 

By  treatment  with  tin  and  hydrochloric  acid,  aniline  black  is 
reduced  to  p  a  r  a  d  i  a  m  i  d  o  b  e  nz  e  n  e,  p  a  r  a  d  i  a  m  i  d  o  - 
d  i  p  h  e  n  y  1  a  m  i  n  e,  and  other  products. 

Powerful  oxidizing  agents,  such  as  chromic  acid  mixture,  con- 
vert aniline  black  into  q  u  i  n  o  n  e,  Cfifi^. 

Aniline  black  dissolves  in  strong  sulphuric  acid  to  form  sul- 
p  h  o  n  i  c  a  c  i  d  s,  which  are  insoluble  in  acidulated  water,  and  are, 
therefore,  precipitated  on  adding  water  to  the  solution.  On  pro- 
tracted washing  with  water  the  precipitate  dissolves  with  green 
color.  The  alkali-metal  compounds  of  sulphonated  aniline  black 
dissolve  in  water  with  blue-black  color.  The  solutions  are  decolor- 
ized by  reducing  agents  (e.  g.,  zinc-powder,  glucose),  but  recover 
their  original  tint  on  exposure  to  air.  The  fact  is  employed  for  the 
preparation  of  an  aniline-black  vat. 

On  heating  aniline  black  with  aniline  acetate,  an  i  n  d  u  1  i  n  e  is 
formed,  the  hydrochloride  of  which  crj^stallizes  in  needles  having 
a  coppery  lustre. 

Aniline  black  differs  remarkably  from  most  other  aniline  colors 
in  that  it  is  wholly  insoluble  in  water,  alcohol,  acids,  soap-lye,  and 
alkaline  solutions.  Hence  the  application  of  ready-formed  aniline 
black  is  very  limited,  and  it  is  usually  produced  in  the  fibre  itself. 
It  yields  an  extremely  fast  and  pure  black  on  cotton,  but  it  is  not 
well  suited  for  dyeing  silk  or  wool.  Its  chief  application  is  in  the 
dyeing  of  cotton  hosiery  where  its  great  fastness  and  permanence 
render  it  an  especially  desirable  dye.  Many  precautions,  however, 
must  be  employed  in  the  proper  dyeing  of  it,  as  it  is  a  process 
which  is  very  liable  to  tender  the  fibre,  owing  to  the  acid  fumes 
liberated  in  the  oxidation  of  the  dyestuff. 

On  the  fibre,  aniline-black  is  easily  recognized  by  its  resistance 
to  reagents,^  being  unchanged  by  alkalies,  and  either  wholty  un- 
changed by  acids  or  turned  slightly  greenish,  the  black  color  being 

^  Fibres  dyed  with  logwood  black  leave  on  ignition  an  ash  containing  iron  or 
ohrominm,  as  also  do  madder  and  tannin  blacks.  These  blacks  are  reddened  by 
dilute  hydrochloric  acid,  and  are  readily  bleached  by  bromine  water  or  hypo- 
chlorites. 
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restored  by  alkalies.  Weak  oxidizing  agents  have  no  effect,  but  if 
the  fibre  be  treated  alternately  with  strong  solutions  of  potassium 
permanganate  and  oxalic  acid,  several  times  in  succession,  the  color 
will  be  destroyed.  Hypochlorites  change  the  color  to  brownish- 
red,  but  if  the  fibre  thus  treated  be  washed  and  exposed  to  the  air 
it  slowly  becomes  black  again. 

Canarin.  C3S3N3H.  This  coloring  matter,  sometimes  called 
persulphocyanogen  yellow,  is  not  strictly  a  coal-tar  dye,  as  it  is  pro- 
duced by  the  action  of  an  oxidizing  agent,  such  as  chlorine  or  ni- 
tric acid,  on  a  thiocyanate  (sulphocyanide).  It  will  be  considered 
at  greater  length  in  another  volume  in  the  chapter  on  "  Cyanogen 
Compounds."  Canarin  forms  an  orange-yellow  powder  insoluble 
in  water,  alcohol,  or  ether.  It  dissolves  in  alkalies  with  yellow 
color,  and  on  addition  of  hydrochloric  acid  is  reprecipitated  from 
the  solution  in  orange-  yellow  flocks.  It  dissolves  in  strong  sul- 
phuric acid,  but  is  reprecipitated  on  adding  water.  It  has  been 
employed  in  calico-printing,  but  at  present  it  is  obsolete  as  a  dye- 


MuREXiDE,  CgH^N.Og.  is  the  ammonium  salt  of  purpuric 
acid,  and  is  a  uric  acid  derivative.  It  occurs  in  the  form  of  brown 
crystals,  having  a  greenish  lustre.  It  gives  a  red  solution  with 
w^ater,  which  is  decolorized  by  the  addition  of  hydrochloric  acid. 
Caustic  soda  causes  the  solution  to  become  bluer.  With  strong 
sulphuric  acid  murexide  gives  a  yellow  solution,  which  is  decolor- 
ized by  dilution  with  water.  As  a  dyestuff  murexide  is  no  longer 
commercially  employed;  formerly  it  was  to  be  met  with  under  the 
name  of  Rouge  de  Naples. 

Ursol  D  and  P  are  oxidation  products  of  paraphenylenediamine, 
and  may  possess  the  formula: 


These  colors  are  produced  on  the  fibre  by  oxidation;  they  yield 
brown  to  black  shades,  and  are  used  chiefly  for  dj^eing  furs. 

TiiiocATECHiNE  is  a  sulphuretted  dyestuff,  obtained  by  heating 
paradiamincs  or  acetyl-nitramines  with  a  mixture  of  sulphur  and 
sodium  sulphide.  It  is  soluble  in  alkalies  and  alkaline  sulphides; 
with  strong  suli)huric  acid  it  gives  a  brownish-red  solution,  which 
is  precipitated  by  the  addition  of  water.    It  gives  a  fast  catechu- 


stuff. 
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brown  shade  on  cotton.  Thiocatechine  S  is  thiocatecliine  which  has 
been  purified  and  dissolved  in  an  alkahne  sulphide. 

Cachou  de  Laval  is  a  dj^estuff  of  peculiar  composition  produced 
by  melting  various  organic  substances,  such  as  sawdust,  bran, 
leaves,  etc. ,  with  alkaline  sulphides.  It  is  soluble  in  water,  but  is 
precipitated  on  prolonged  boiling.  It  appears  to  behave  like  a  re- 
duced coloring  matter  which  is  developed  by  means  of  oxidation. 
It  yields  brown  and  grayish-brown  colors  on  cotton,  which  serve  as 
a  bottom  shade  and  mordant  for  other  adjective  dyestuffs.  The 
shades  obtained  are  quite  fast  to  light  and  exceedingly  fast  to  soap. 
On  the  addition  of  acids  to  the  dyestuff  hydrogen  sulphide  is  lib- 
erated, and  the  coloring  matter  together  with  sulphur  is  precipi- 
tated. Cachou  de  Laval  S  is  the  dyestuff  purified  from  excess  of 
alkaline  sulphide.    It  is  used  in  calico-printing. 

KoiR  DE  Lyon  is  a  black  dyestuff  obtained  by  the  action  of  so- 
dium and  bichromate  of  potash  on  resorcin.  It  dyes  a  blue-black 
on  silk  and  wool. 

ViDAL  Black  is  a  dyestuff  produced  by  heating  a  mixture  of 
sodium  sulphide  and  sulphur  with  para-am idophenol  or  para- 
phenylenediamine.  It  is  sold  in  the  form  of  black  porous  lumps ^ 
smelling  of  hydrogen  sulphide.  It  gives  a  dark  green  solution 
with  water,  which  is  precipitated  by  the  addition  of  hydrochloric 
acid  with  the  simultaneous  evolution  of  hydrogen  sulphide.  Caus- 
tic soda  gives  a  green  precipitate.  The  dyestuff  is  insoluble  in 
strong  sulphuric  acid,  and  on  diluting  with  water  hydrogen  sul- 
phide is  evolved.  Vidal  black  is  dyed  on  unmordanted  cotton 
from  an  alkaline  bath,  and  subsequently  oxidized  by  means  of  bi- 
chromate of  potash.  The  shades  vary  from  a  bluish-green  to  a 
bluish-black,  depending  upon  the  amount  of  dyestuffs  employed. 
The  blacks  obtained  are  very  fast  to  soap,  light,  acids  and  alkalies, 
but  are  liable  to  crock.  The  fibre  is  also  apt  to  be  much  tendered 
after  dyeing  with  vidal  black. 

St.  Denis  Black  V  is  a  substance  similar  to  the  above,  being  in 
fact  an  improvement  in  the  manufacture  of  the  latter.  It  is  similar 
in  its  properties  to  vidal  black,  but  does  not  possess  the  disadvan- 
tages of  the  latter,  and  is  more  readily  applied  to  the  fibre. 

Italian  Green  is  another  sulphuretted  dyestuff  obtained  by 
heating  para-nitrophenol  with  a  mixture  consisting  of  sulphur, 
caustic  soda  and  copper  sulphate  to  180-200°  C.  It  occurs  in  the 
form  of  black  porous  lumps,  dissolving  in  water  to  a  green  solution, 
which  is  precipitated  on  exposure  to  the  air.    On  treatment  with 
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acids  the  aqueous  solution  gives  a  black  precipitate,  sulphur  sepa- 
rates out,  and  hydrogen  sulphide  is  evolved.  It  dyes  cotton  a 
green  color  from  a  neutral  bath. 

Urania  Blue  is  an  oxidation  product  of  a  mixture  of  beta-di- 
naphthyl-metaphenylenediamine-disulphonic  acid  with  para-ami- 
do-dimethylanilinethiosulphonic  acid.  It  is  a  blue-violet  powder, 
soluble  in  water  with  a  blue  color;  the  solution  is  unaffected  by 
either  hydrochloric  acid  or  caustic  soda.  With  strong  sulphuric 
acid  it  gives  a  green  solution,  becoming  blue  on  dilution  with  water. 
It  gives  blue  shades  on  wool  and  silk  in  an  acid  bath. 

Direct  Gray  J,  (B,  R,  and  4  R^)  is  prepared  by  boiling  nitro- 
sodimethyl-aniline  hydrochloride  with  water  or  alcohol. 

It  is  sold  in  the  form  of  a  black  powder  which  dissolves  in  water 
and  alcohol  with  a  reddish-gray  color.  Hydrochloric  acid  causes 
the  solution  to  become  blue,  and  caustic  soda  gives  a  black  preci- 
pitate. Strong  sulphuric  acid  dissolves  the  dyestuff  to  a  green 
solution  which  becomes  reddish-gray  on  dilution  with  water.  It 
gives  fine  silver-gray  shades  on  either  mordanted  or  unmordanted 
cotton. 

Chromogen  I  is  the  sodium  salt  of  chromotropic  acid.  It  is 
a  cream-colored  powder  soluble  in  w^ater  and  alcohol,  giving  color- 
less solutions  which  are  unaffected  by  either  hydrochloric  acid  or 
caustic  soda.  The  dyestuff  itself  is  developed  on  the  fibre  by  oxi- 
dation with  bichromate  of  potash,  w^hen  brown  shades  are  pro- 
duced which  are  very  fast  to  light,  soap,  acids,  and  alkalies. 

12.  Coloring  Matters  of  Natural  Origin. 

The  dyes  occurring  naturally  in  animal  or  vegetable  products,  or 
which  can  be  produced  therefrom  by  comparatively  simple  means, 
are  very  numerous  and  interesting;  and  there  is  no  doubt  that  the 
methods  for  their  extraction  or  production  would  have  been  greatly 
improved  of  late  years  had  not  the  coal-tar  d3^es  engrossed  the 
attention  of  nearly  all  investigators  actively  interested  in  the  chem- 
istry of  coloring  matters.  The  use  of  some  of  the  natural  coloring 
matters  has  greatly  decreased,  owing  to  the  rivalry  of  the  coal-tar 
dyes,  and  the  production  of  some  of  them  is  nearly,  if  not  wholly, 
a  thing  of  the  past.  Thus  the  azo-scarlets  have  greatly  diminished 
the  consumption  of  cochineal,  wdiile  artificial  alizarin  has  nearly 
extinguished  the  natural  dye  from  madder;  and  alizarin-blue  and 

'  Also  known  as  New  Gray,  Mcthyleiie  Gray  0,  ND,  and  NF;  New  Methylene 
Gray  G  and  B ;  Niyrisine,  Malta  Gray,  and  Alsace  Gray. 
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the  indulines  now  compete  with  indigo,  which  is  itself  producible 
by  complex  synthetical  processes  from  the  coal-tar  constituent 
toluene,  C^Hg.  In  fact,  even  the  natural  production  of  indigo 
itself  is  being  seriously  threatened  at  present  by  the  artificial  pro- 
duction of  this  coloring  matter  from  coal-tar  products. 

The  dyes  and  coloring  matters  of  natural  origin  may  be  con- 
veniently classified  under  the  following  heads: — 

Indigo,  and  allied  coloring  matters. 

Lichen  Dyes,  such  as  orchil,  cudbear,  litmus. 

Red  Dyes  from  Woods,  &c.,  as  Brazil-wood  and  logwood. 

Yellow  Vegetable  Dyes,  such  as  saffron,  turmeric,  weld. 

Chlorophyll  and  its  allies;  and 

Animal  Dyes,  such  as  cochineal. 
Of  the  coloring  matters  included  in  the  above  arrangement, 
madder  has  already  been  referred  to  under  the  heads  of  alizarin 
and  purpurin;  chlorophyll  and  many  other  plant-colors  receive 
little  or  no  practical  application,  and  hence  need  not  be  specially 
described;  while  the  coloring  matters  of  blood,  bile,  urine,  etc., 
will  be  better  considered  in  the  sequel. 

Indigo. 

Indigo  is  the  product  of  various  species  of  leguminous  plants  of 
the  genus  Indigofera,^  which  appear  to  be  indigenous  in  Cambay, 
but  are  also  cultivated  in  India,  China,  Java,  and  other  parts  of 
the  East.  It  is  also  grown  in  the  West  Indies  and  South  America, 
and  the  species  Indigofera  argentea  is  cultivated  in  Egypt  and 
Arabia. 

Indigo  does  not  exist  ready-formed  in  the  above  plants,  but  is 
produced  by  the  decomposition  of  a  glucoside  called  indican, 
C26ll3^NOi^,  which  may  be  extracted  from  them  by  cold  alcohol. 

To  obtain  indigo  from  the  plants,  the  chopped  leaves  or  twigs 
are  completely  covered  with  water.  Fermentation  sets  in,  and 
continues  from  nine  to  fourteen  hours,  according  to  the  tempera- 
ture.   When  complete,  the  Avater  is  run  off  into  shallow  vats,  where 

^  The  most  valued  and  extensively  cultivated  species  is  the  Indigofera  tindoria, 
but  /.  disperma,  anil,  and  argentea  are  also  widely  grown.  Less  important  species 
are  7.  hirsuta,  paeudo-tinctoria,  sericea,  cytisoides,  angusfifoHa,  triplia,  glabra, 
glauca,  &c.  Indigofera  tinctoria  is  grown  from  seeds,  and  is  a  herbaceous  plant 
with  a  single  stalk,  growing  to  a  height  of  3  feet  or  a  little  more,  and  about  the 
size  of  the  finger.  The  value  of  the  crop  is  almost  in  proportion  to  the  abundance 
of  leaves,  as  the  coloring  matter  exists  chiefly  in  that  part  of  the  plant. 
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it  is  subjected  to  agitation  to  expose  it  to  the  air.^  The  yellow 
liquid  thereby  assumes  a  greenish  color,  and  the  indigo  separates 
in  flakes.  After  standing  for  an  hour,  the  blue  pulpy  indigo  is 
separated,  and  boiled  with  water  to  prevent  secondary  fermenta- 
tion and  the  consequent  formation  of  objectionable  brown  prod- 
ucts.^ After  standing  twenty-four  hours,  the  liquid  is  again  boiled, 
and  then  passed  through  a  coarse  filter.  The  precipitate  is  sepa- 
rated, pressed,  and  dried  slowly  in  sheds,  from  which  the  light  is 
carefully  excluded.^ 

The  indigo  thus  obtained  varies  greatly  in  quality,  both  in  re- 
spect to  the  proportion  of  blue  coloring  matter  it  contains  and  in  its 
freedom  from  objectionable  impurities. 

Indigo  may  also  be  obtained  from  several  plants  besides  the  In- 
digofera,  but  these  are  more  generally  used  directly  for  dyeing  blue 
than  for  extracting  the  indigo.  The  most  important  of  these  in- 
digo-yielding plants  are  Isatis  tindoria  or  w  o  a  d,  once  extensively 
cultivated  both  in  England  and  on  the  Continent;  Polygonum  tinc- 
torium  and  Neiium  tinctorium;  Asclepias  ting  ens ;  Eupatorium  tincto- 
rium,  one  of  the  Compositse;  and  several  species  of  orchids, 
which,  when  cut,  become  blue  at  the  section  after  exposure  to  the 
air. 

Woad  or  pastel  is  a  biennial  cruciferous  plant.  The  leaves,  of 
which  two  crops  are  yielded,  are  gathered  in  the  second  year,  and 
are  rapidly  washed  and  dried.  They  are  used  directly  for  dyeing, 
or  are  made  into  a  paste  Avith  water,  piled  in  heaps,  allowed  to  fer- 

^Some  manufacturers  add  a  little  lime-water  at  this  stage,  while  J.  Sayers 
recommends  the  addition  of  ammonia  during  the  fermentation.  By  this  means 
the  yield  of  coloring  matter  may  be  increased  fully  100  per  cent.  {Jorir.  Soc. 
Dyers,  &c.,  ii.  141). 

'^C.  J.  von  Lookeren  [Cliem.  Zeif.,  xxiii.  165)  gives  the  following  theory  for 
the  formation  of  indigo :  In  the  usual  so-called  fermentation  of  indigofera  leaves, 
water  is  absorbed  and  the  indican  partially  broken  up  in  the  course  of  its  ditlusion 
to  the  outer  part  of  the  leaf  by  means  of  an  enzyme  in  the  (dead)  protoplasm, 
being  covered  with  indigo  Avhite,  other  nitrogenous  substances,  and  glucose.  The 
indigo  white,  undecomposed  indican,  and  other  substances,  dissolve  in  the  sur- 
rounding liquid,  producing  a  fiiintly  alkaline  solution  (to  litmus  as  indicator). 
On  oxidation  the  indigo  white  is  converted  into  indigo  blue,  and,  indigo  brown, 
which  is  formed  from  another  product,  separating  with  it,  whilst  the  other  pro- 
ducts are  left  in  solution.  Indigo  red  (indirubin  and  resinous  substances)  may 
consist  in  part  of  an  oxidation  product  of  indican  decomposed  by  the  oxygen 
absorbed  or  otherwise. 

•^The  best  qualities  of  indigo  are  usually  those  manufactured  by  Europeans,  who 
operate  with  more  care  than  the  natives. 
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ment  for  fourteen  days,  and  then  made  into  small  balls  and  dried. 
The  product  is  sometimes  again  moistened  with  water  and  sub- 
jected to  a  second  fermentation,  during  which  ammonia  is  evolved. 
The  best  woad  comes  from  France.  The  balls  are  light,  of  a  green 
or  yellowish-green  color,  and  have  a  sickly  odor.  When  cut,  woad 
should  exhibit  a  soft,  shining  surface,  and  w^hen  rubbed  on  paper 
should  leave  a  green  mark.  It  improves  by  keeping,  and  some 
manufacturers  consider  that  the  finest  shades  of  indigo-dyeing 
cannot  be  obtained  without  an  admixture  of  woad. 

Isatis  indigotica  is  cultivated  in  some  parts  of  China  for  the  pre- 
paration of  a  variety  of  indigo  which  is  sold  in  the  form  of  paste. 
When  dried  it  appears  blackish,  and  is  used  in  producing  Canton 
blue,  &c. 

Polygonum  tinctorium  is  also  indigenous  to  China,  and  yields  an 
indigo  of  superior  quality.  It  is  also  used  for  dyeing  directly. 
The  attempts  made  to  acclimatize  the  plant  in  Europe  have  been 
unsuccessful. 

A  substance  allied  to  indican  sometimes  occurs  in  urine,  and 
gives  rise,  by  its  conversion  into  indigo-blue,  to  a  blue  coloration 
of  the  liquid  when  left  in  contact  with  the  air,  or  when  treated 
with  sulphuric  acid.^ 

Indican,  C2eH3^NOj^,  already  referred  to  as  the  natural  glucoside 
by  the  decomposition  of  which  indigo-blue  is  produced,  was  first 
isolated  by  E.  S  c  h  u  n  c  k.^  It  forms  a  transparent  brown  syrup, 
from  which  it  is  impossible  to  separate  the  w^ater  without  causing 
decomposition.  The  aqueous  solution  has  a  yellow  color,  bitter 
taste,  and  slight  acid  reaction.  When  boiled  with  caustic  alkali  it 
evolves  ammonia.    Weak  solutions  of  alkalies  and  lime  water  pro- 

^  Indigo,  or  its  derivatives,  appears  to  be  a  product  of  animal  metabolism,  and 
is  secreted  by  a  number  of  organs.  It  bas  been  detected  in  the  dark  "  pin  heads" 
which  form  in  the  perspiration  glands  of  the  skin.  Both  indol  and  skatol  are 
present  in  the  gaseous  excrement,  being  formed  in  the  intestines. 

^ Schunck  has  described  the  following  process  for  the  preparation  of  indican: 
Dried  woad  leaves  are  finely  powdered  and  extracted  with  alcohol  by  percolation. 
A  little  water  is  added,  and  the  solution  concentrated  as  quickly  as  possible  at  the 
ordinary  temperature  in  a  current  of  air.  The  residual  brown  liquid  is  filtered 
from  the  green  residue  of  fat  and  coloring  matter,  and  agitated  with  some  freshly 
precipitated  cupric  hydroxide.  The  liquid  is  filtered,  the  copper  precipitated  by 
sulpliuretted  hydrogen,  and  the  liquid  again  filtered.  The  filtrate,  which  should 
be  light  yellow,  is  concentrated  to  a  syrup  at  the  ordinary  temperature  in  a 
current  of  air,  treated  with  cold  alcohol  to  remove  decomposition-products, 
filtered,  and  mixed  with  twice  its  measure  of  ether.  The  filtered  liquid  yields  on 
evaporation  a  clear  brown  syrup  consisting  of  pure  indican. 
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duce  a  bright  yellow  color.  The  alcoholic  solution  of  indican  gives 
a  bright  yellow  precipitate  with  lead  acetate,  which  is  increased  on 
adding  ammonia;  but  the  aqueous  solution  does  not  give  this  re- 
action. Indican  is  soluble  in  ether,  but  is  extracted  by  water  from 
its  ethereal  solution. 

The  most  characteristic  and  important  property  of  indican  is  the 
behavior  of  its  solution  with  dilute  acids,  by  the  action  of  which 
it  splits  up  with  formation  of  indigotin  or  indigo-blue, 
indirubin,  and  indiglucin.  The  reaction  occurs  slowly 
in  the  cold,  but  rapidly  at  a  boiling  heat,  the  liquid  becoming  first 
sky-blue,  then  opalescent,  and  finally  purple,  and  on  cooling  a 
purple  deposit  of  mixed  indigotin  and  indirubin  is  obtained  (both 
of  which  may  be  obtained  in  a  crystalline  state  by  sublimation), 
while  indiglucin  remains  in  solution.  The  following  formula  rep- 
resents the  formation  of  indigotin  from  indican: — 

C^H.NO,,  +  2H,0  =  C,H,NO  +  3C,H,  A- 

Indican.  Indigotin.  Indiglucin, 

Indigo  Brown.  If  an  aqueous  solution  of  indican  be  boiled  or 
heated  for  some  time  it  undergoes  a  change,  and  on  now  treating 
it  with  an  acid  it  yields  neither  indigotin  nor  indirubin,  but  dark- 
brown  or  blackish  flocks,  consisting  of  a  mixture  of  two  brown 
resinous  bodies,  called  by  Schunck  indiretin  and  indihumin, 
of  which  only  the  latter  is  soluble  in  alcohol,  and  to  which  bodies 
he  attributes  the  formula  CigHj^NOjo  and  CgHgNOj  respectively. 

Leucine^  CgH^gNO^,  a  body  produced  in  the  putrefaction  of 
cheese,  and  by  the  treatment  of  various  animal  substances  with 
sulphuric  acid,  is  also  a  product  of  the  reaction  of  dilute  acids  on 
indican. 

Indirubin  or  Indigo  Red,  CgHgNO,  is  obtained  with  indigotin 
by  the  decomposition  of  indican,  especially  when  oxalic  or  tartaric 
acid  is  used.^  It  may  be  separated  from  the  indigotin  by  boiling 
the  precipitate  with  alcohol."^  On  concentrating  and  cooling  the 
alcoholic  solution,  the  indirubin  is  obtained  in  long  red  crystals, 
insoluble  in  caustic  alkalies,  but  reducible  by  boiling  with  an 

^Indigo  red  may  be  prepared  synthetically  by  boiling  5  gm.  of  indophor  with 
one  litre  of  water  until  no  more  carbon  dioxide  is  evolved.  The  solution  is 
filtered,  mixed  with  a  hot  sohition  of  4  gms.  of  isatin  in  one  litre  of  water,  and  a 
small  amount  of  a  solution  of  carbonate  is  added.  The  dyestuff  separates  out  in 
small  red  needles. 

^The  amount  of  indirubin  i)resent  in  commercial  indigo  varies  from  1  to  8  per 
cent. 
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alkali  and  stannous  chloride  or  glucose  toaleuco-derivative, 
the  solution  of  which  on  exposure  to  air  yields  purple  flakes,  which 
when  washed,  dried,  and  heated,  give  a  sublimate  of  beautiful 
needles,  readily  soluble  in  boiling  alcohol,  and  recrystallizing  as 
the  solution  cools.  ^  If  a  piece  of  calico  be  immersed  in  a  reduced 
alkaline  solution  of  indirubin,  and  then  exposed  to  the  air,  it 
becomes  dyed  a  fast  purple  color  (not  blue  as  with  indigotin) 
which  is  not  affected  either  by  acids  or  soap.  Indirubin  dissolves 
in  cold  concentrated  sulphuric  acid  with  beautiful  purple  color. 
On  heating  the  solution  it  becomes  lighter  and  gives  off  a  little 
sulphur  dioxide.  On  diluting  the  solution  of  indirubin  in  sul- 
phuric acid  with  water,  a  liquid  is  obtained  which  dyes  cotton, 
wool,  and  silk  a  fine  purple  color.  Indirubin  is  not  affected  by 
boiling  with  dilute  sulphuric  acid  and  potassium  bichromate,  a 
character  which  distinguishes  it  from  indigotin. 

Indiglucin,  CgHjoOg,  is  obtained  from  the  liquid  from  which 
the  above  coloring  matters  have  been  separated,  by  adding  excess 
of  lead  acetate,  filtering,  and  treating  the  filtrate  with  excess  of 
ammonia.  The  bulky  yellow  precipitate  thus  obtained  is  decom- 
posed by  sulphuretted  hydrogen,  and  the  indiglucin  purified  by 
repeating  the  process  or  treatment  with  animal  charcoal.  On  con- 
centrating the  colorless  liquid  or  syrup,  and  adding  alcohol  and 
two  volumes  of  ether,  the  indiglucin  separates  as  a  pale  yellow, 
sweetish  syrup,  which  turns  red  and  blackens  when  heated  with 
sulphuric  acid,  and  yields  oxalic  acid  on  treatment  with  nitric 
acid.  It  reduces  hot  Fehling's  solution  and  silver  nitrate.  The 
solution  gives  no  precipitate  either  with  neutral  or  basic  lead  ace- 
tate, unless  ammonia  be  added.  If  milk  of  lime  be  added  and  the 
solution  filtered,  a  strongly  alkaline  liquid  is  obtained,  and  on 
boiling  this  it  becomes  thick  from  the  formation  of  a  flocculent 
yellow  precipitate,  which  completely  redissolves  to  a  clear  yellow 
solution  on  coohng.  This  reaction  may  be  repeated  indefinitely.  By 
fermentation  with  yeast,  indiglucin  appears  to  yield  acetic  acid. 

Indigotin.  Indigo  Blue.  CgKNO  or  CigHjoN^O^-  This  sub- 
stance probably  has  the  constitution  represented  b}^  the  following 
formula: 


'  Indirubin  may  be  prepared  from  mdophnr,  which  consists  of  indoxyl  carbonic 
acid.  When  this  substance  is  heated  with  water  until  no  more  CO2  is  evolved, 
filtered  hot,  and  the  filtrate  treated  with  caustic  soda,  indirubin  is  formed. 

Baeyer  regards  the  molecule  of  indigotin  as  composed  of  two  symmetrical 
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Incligotin  is  the  constituent  on  which  the  value  of  commercial 
indigo  depends. 

Pure  indigotin  may  be  obtained  by  mixing  one  part  of  com- 
mercial indigo  in  fine  powder  with  two  parts  of  plaster  of  paris, 
making  the  whole  into  a  paste  with  water,  and  spreading  it  on  an 
iron  plate.  When  quite  dry  the  mass  is  cautiously  heated,  when 
the  surface  becomes  covered  with  beautiful  crystals  of  pure  indigo- 
tin, which  may  be  removed  with  a  fine  spatula.  Indigotin  may 
also  be  obtained  in  a  pure  state  by  the  oxidation  of  indigo- 
w^ h i t e,  CjgHj2N2025  or  indoxylic  acid,  CgH^NOg,  or  by  the 
reduction  oforthonitr  o-p  henyl-propiolicacid.  It  may 
also  be  prepared  by  heating  is  a  tin,  CgHgNOg,  with  a  mixture  of 
phosphorus  trichloride  and  pentachloride,  and  reducing  the  re- 
sultant isatin  chloride,  CgH^NOCl,  by  ammonium  sulphide. 

Pure  indigotin  forms  dark  blue  crystals  exhibiting  a  coppery 
reflection  and  having  the  form  of  a  right  rhomboidal  prism.  In 
the  form  of  powder  it  is  deep  blue,  and  assumes  a  coppery  lustre 
when  burnished.  Its  specific  gravity  is  1.35.  Indigotin  is  not 
fusible,  but  sublimes  at  about  290°  C,  with  more  or  less  decom- 
position.   In  an  inert  gas  it  may  be  volatilized  unchanged. 

Indigotin  is  unchanged  in  the  air  at  ordinary  temperatures,  and 
has  neither  taste  nor  smell.  It  is  insoluble  in  hot  or  cold  water, 
cold  alcohol,  ether,  and  fatty  and  essential  oils.  Creosote,  carbolic 
acid,  absolute  alcohol,  amylic  alcohol,  and  carbon  disulphide  dis- 
solve a  little  indigotin  when  hot,  but  it  is  again  deposited  on  cool- 
ing. Its  best  solvents  are  glacial  acetic  acid,  nitrobenzene,  and 
aniline.  On  boiling  powdered  indigo  with  aniline  it  readily  dis- 
solves to  form  a  blue  solution,  which  if  filtered  hot  and  allowed  to 
cool  deposits  nearly  all  the  indigotin  in  beautiful  crystals,  which 
after  being  washed  with  alcohol  are  perfectly  pure.  Boiling 
paraffin  and  high  boiling  petroleum  are  also  solvents  of  indigotin. 
The  dilute  solutions  have  the  color  of  an  alcoholic  solution  of 
magenta. 

If  a  little  finely  powdered  indigotin  be  treated  with  glacial 
acetic  acid  and  one  or  two  drops  of  strong  sulphuric  acid  added,  a 
deep  blue  solution  is  formed,  from  which  the  indigotin  is  precipi- 
tated unchanged  on  dilution  with  water.    If  any  fibre  be  immersed 

halves,  C6H4  |       |  C : ,  and  this  half-molecule  he  calls  i  n  d  o  g  e  n.    The  indo- 

genides  are  compounds  of  yellow  or  bluish-red  color,  and  some  of  them  yield  blue 
salts  which  exhibit  the  indigo  spectrum. 
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in  the  undiluted  solution,  and  then  washed  with  water,  it  will  be 
dyed  blue. 

Indigotin  is  a  perfectly  neutral  substance,  and  is  insoluble  in 
dilute  acids  and  alkalies. 

When  subjected  to  dry  distillation,  either  alone  or  in  admixture 
with  an  alkiili,  indigotin  yields  aniline,  CgH^N. 

When  subjected  to  the  action  of  oxidizing  agents,  such  as  dilute 
nitric  acid,  chromic  acid,  or  chlorine,  indigotin  is  converted,  in  the 
presence  of  water,  into  a  body  called  isatin^orindigoticacid. 

1  IsATiN,  CgHsNO.^CgH^  { '  1?:'  }  C(OH) .    Tliis  body  is  obtained  by  oxidizing 

indigo  by  chromic  acid,  or  preferably  nitric  acid.  Powdered  indigo  is  made  into 
a  thin  paste  with  water,  the  mixture  heated  to  tlie  boiling  point,  and  the  nitric 
acid  added  cautiously  till  the  blue  color  disappears,  when  the  whole  is  largely 
diluted  with  boiling  water  and  the  liquid  filtered.  Impure  isatin  separates  on 
cooling,  and  is  washed  with  ammoniacal  water.  Isatin  forms  deep  yellowish-red 
prismatic  crystals,  sparingly  soluble  in  cold  water,  but  freely  in  boiling  water  and 
in  alcohol.  The  solution  stains  the  skin  yellow,  and  gives  it  a  disagreeable  odor. 
When  heated,  isatin  melts  and  sublimes,  with  partial  decomposition.  It  forms 
crystalline  compounds  with  the  acid  sulphites  of  the  alkali-metals,  and  dissolves 
in  alkalies  to  form  violet  solutions,  which  turn  yellow  when  heated  and  then  con- 
tain a  salt  of  isaticacid.  Hydrindicacid  or  dioxindol  is  formed  by 
the  action  of  sodium  amalgam  on  this  solution.  Further  reduction  in  acid  solu- 
tion produces  oxindol,  and  this  when  distilled  with  zinc-dust  yields  indol, 
a  weak  base  existing  in  human  excrement.  The  relationship  of  these  bodies  to 
indigotin,  isatin,  and  each  other  is  shown  by  the  following  constitutional 


formulae : — 

Hydrindigotin,  (^eH,  {  §^  }  CH.HC  CJI, 

Indigotin,  <^6H,  {  :nH.  }       {  :NH.  }  ^6^4 

Isatin,  CeH,{;g^-  }c(OH) 

Isatic  acid  CgH,  |  -^^00. OH 

Dioxindol,  CfiH^I  |C0 

Oxindol,  ^6^*{*.NH.'}^^ 

Indol,  CeH,|;g^;  }CH 


Silver  nitrate  throws  down  from  alkaline  solutions  of  isatin  a  red  precipitate 
containing  CgH^AgNOg.  The  hydrogen  of  the  hydroxyl  group  may  also  be  re- 
placed by  acid  radicals,  asinacetyl-isatin,  C8H4(C2H30)N02.  Mono-  and 
di-chlor  -  and  brom-isatins  are  obtained  by  the  action  of  chlorine  and  bro- 
mine on  isatin  or  moist  indigo.  Isatin-sulphonicacid,  CsHii  SO3H  )!N'02, 
is  formed  by  the  treatment  of  indigotin-sulphonic  acid  by  permanganate  or 
other  oxidizing  agents  in  acid  solution.   It  is  soluble,  and  difficultly  crystallizable. 
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Hot  and  strong  nitric  acid  converts  indigo-blue  into  picric  and 
nitrosalicylic  acids,  some  carbonic  or  oxalic  acid  being 
simultaneously  formed. 

Indigo  White.  Hydrindigotin.  Reduced  Indigo.  CjgHj2N202- 
When  indigotin  is  subjected  to  the  action  of  reducing  agents  it 
assimilates  two  atoms  of  hydrogen,  forming  a  leuco-bod}''  of  the 
above  composition,  the  constitutional  formula  of  which  is  prob- 
ably:— 


A  great  variety  of  substances  have  the  power  of  reducing  indigo- 
blue  to  indigo-white.  Thus  in  alkaline  solution,  or  presence  of 
free  alkali,  we  may  use: — sodium  amalgam;  zinc,  tin,  alumini-um, 
and  phosphorus;  ferrous  hydroxide;  phosphorous,  hypophos- 
phorous,  and  hyposulphurous  (Schiitzenberger's)  acids;  certain 
phosphides,  arsenides,  and  sulphides  (especially  sulphide  of 
arsenic);  glucose,  gallic  acid,  the  butyric  ferment,  etc.  The  re- 
sultant reduced  indigo  is  soluble  in  the  alkaline  liquid.  In  acid 
solutions,  indigotin  is  reduced  less  readily,  hyposulphurous  acid 
(H2SO2)  being  almost  the  only  available  agent.  ^ 

Indigo-white  is  a  grayish-white,  amorphous,  tasteless,  odorless 
substance,  having  a  silky  lustre.  Heated  out  of  contact  with  the 
air  a  small  quantity  of  indigotin  sublimes,  and  a  carbonaceous 
mass  is  left.  In  contact  with  the  air  at  the  ordinary  temperature 
white  indgo  gradually  becomes  blue  from  oxidation,  and  the  action 
is  rapid  in  presence  of  moisture.  Indigo-white  is  insoluble  in 
water  and  dilute  acid  liquids,  but  dissolves  in  alcohol  and  ether. 

^  A  convenient  process  for  the  preparation  of  Avhite  indigo  consists  in  treating  1 
part  of  indigo-bhie  with  3  parts  of  crystallized  ferrous  sulphate,  3  parts  of  slacked 
lime,  and  20  of  water  in  a  closed  vessel.  The  mixture  is  agitated  at  intervals  for 
some  days,  and  finally  allowed  to  settle.  The  pale  yellow  liquid  is  then  syphoned 
off"  into  a  bottle  filled  with  carbon  dioxide,  containing  some  recently  boiled  hydro- 
chloric acid.  The  indigo-white  is  immediately  precipitated,  and  when  the  bottle 
is  quite  full  it  is  immediately  closed.  After  standing  some  time  the  liquid  is 
filtered  in  an  atmosphere  of  carbon  dioxide  or  coal-gas,  the  precipitate  washed 
with  air-free  cold  water,  and  dried  in  vacuo. 

An  alterative  process  is  to  treat  the  indigo-blue  with  caustic  soda  and  glucose, 
tlie  subsequent  operations  being  the  same  as  those  already  described.  An  instan- 
taneous reduction  may  be  effected  by  treating  the  finely  powdered  indigo  with  a 
solution  of  a  hyposulphite,  obtained  by  agitating  zinc-dust  with  a  strong  solution 
of  acid  sulphite  of  sodium,  and  treating  the  decanted  liquid  with  excess  of 
caustic  soda. 
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Hyclrindigotin  is  soluble  in  solutions  of  the  alkalies  and  alkaline 
earths,  but  its  acid  characters  are  very  feebly  marked,  for  the 
presence  of  a  textile  fabric  suffices  to  decompose  its  compounds, 
the  indigo-white  uniting  with  the  fibre  and  alkali  being  set  free.' 
The  alkaline  solutions  of  reduced  indigo  have  a  yellow  tint,  but  in 
contact  with  air  they  become  green  and  blue  and  covered  with  a 
bronzy  scum,  and  deposit  minute  crystals  of  indigotin.  Addition 
of  an  oxidizing  agent  produces  the  same  effect  more  rapidly,  and 
even  a  slight  rise  of  temperature  causes  a  similar  change.  The 
application  of  indigo  in  dyeing  by  the  vat-process  is  based  on 
its  reduction  to  white  indigo,  the  solubility  of  the  reduced  sub- 
stance in  alkaline  liquids,  and  its  reoxidation  to  indigo-blue  on 
exposure  to  air."^  Alkaline  solutions  of  hydrindigotin  give  bulk}^ 
white  precipitates  with  solutions  of  magnesium,  zinc,  aluminium, 
lead,  ferrous,  manganous,  and  stannous  salts.  The  last  precipitate 
is  employed  for  printing  indigo  on  fabrics.  When  heated  it  yields 
metallic  tin  and  a  sublimate  of  indigotin. 

Concentrated  sulphuric  acid  dissolves  white  indigo  with  intense 
purple  coloration,  forming  mono-  and  di-indigotin-sul- 
phonic  acids. 

IXDIGOTIN-MONOSULPHONIC    AciD.      SULPHOPURPURIC    AciD.  In- 

digo-i)urpuric  Acid.  CigHgN202.S03H.  This  body,  also  called 
sulphophenicic  acid,  may  be  obtained  by  adding  one  part 
of  good  commercial  indigo  in  fine  powder  to  four  parts  of  concen- 
trated sulphuric  acid,  and  heating  the  mixture  for  a  short  time,  or 
until  a  sample  gives  a  deep  blue  color  when  largely  diluted  with 
water.  Too  high  a  temperature  and  too  prolonged  heating  must 
be  carefully  avoided,  or  the  disulphonic  acid  will  be  produced.  As 
soon  as  the  product  is  found  to  be  soluble,  the  mass  is  thrown  into 
about  fifty  parts  of  water,  when  a  beautiful  purple  precipitate  of 
sulphopurpuric  acid  will  be  thrown  down.  This  is  filtered  off,  and 
washed  slightly  with  dilute  hydrochloric  acid. 

Sulphopurpuric  acid  is  almost  insoluble  in  dilute  acids  and  very 
sparingly  soluble  in  water,  but  communicates  a  bluish-purple  color 
to  the  liquid.  On  adding  sodium  carbonate  or  acetate  to  the 
aqueous  solution,  purple  flocks  of  the  sodium  sulphopur- 

*  White  indigo  forms  two  compounds  with  lime,  one  of  which  is  soluble  and  the 
other  insoluble. 

''■  A  certain  amount  of  indigotin  is,  however,  never  recovered  ;  the  cause  of  the 
loss  is  obscure,  and  its  investigation  would  probably  lead  to  means  of  preventing 
it  which  would  well  repay  the  trouble. 
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p  urate,  CjgHgN202.  SOgNa,  are  precipitated.  This  salt  is  soluble 
in  a  large  quantity  of  water,  and  is  employed  in  dyeing  under  the 
name  of  indigo-purple  or  red  indigo- carmine.  Precipitates  are 
produced  by  solutions  of  calcium,  aluminium,  and  iron.  Caustic 
alkalies  produce  no  effect,  but  the  solution  is  decolorized  by  reduc- 
ing agents,  such  as  zinc,  sulphuretted  hydrogen,  or  stannous 
chloride,  and  becomes  blue  again  on  exposure  to  the  air. 

Indigotin-disulphonic  Acid.  Sulphindigotic  Acid.  CjgHgNgOg 
(S03H)2.  This  acid,  also  called  indigo-sulphuricacid  and 
sulphindylic  acid,  is  obtained  when  the  monosulphonic  acid 
is  heated  with  eight  or  ten  parts  of  sulphuric  acid,  and  hence  is 
usually  formed,  to  a  greater  or  less  extent,  together  with  the  mono- 
sulphonic acid,  when  indigo  is  treated  with  concentrated  sulphuric 
acid.  It  forms  the  sole  product  when  the  sulphuric  acid  amounts 
to  fifteen  times  the  weight  of  the  indigo  employed.  It  is  best 
obtained  by  carefully  heating  the  finely  pulverized  commercial 
coloring  matter,  or  preferably  pure  indigotin,  with  ten  or  twelve 
parts  of  ordinary  strong  sulphuric  acid  (sp.  gr.  1.845),  or  six  or 
seven  parts  of  the  fuming  acid,  to  a  temperature  of  50°  C.  for 
several  hours,  or  until  a  small  sample  is  found  to  be  entirely 
soluble  in  water.  The  product  is  then  cooled  and  treated  with 
about  fifty  parts  of  water.  On  standing  for  some  time,  any  mono- 
sulphonic acid  and  certain  other  impurities  will  be  deposited,  and 
the  filtered  solution  will  be  pure  blue.'  To  prepare  pure  sulph- 
indigotic acid,  clean  white  wool  or  flannel,  which  has  been  pre- 
viously thoroughly  washed  by  boiling  with  soap  and  solution  of 
carbonate  of  sodium  and  then  with  pure  water,  is  immersed  in  the 
solution  till  the  greater  part  of  the  coloring  matter  is  taken  up. 
It  is  then  well  washed  to  remove  the  free  sulphuric  acid,  and 
stripped  by  immersing  it  in  a  weak  solution  of  ammonium  car- 
bonate. The  blue  solution  thus  obtained  is  evaporated  at  a  tem- 
perature not  exceeding  50°  C,  and  the  residue  treated  with  rectified 
spirit  to  dissolve  any  hyposulphindigotate.  The  undissolved  por- 
tion, consisting  of  ammonium  sulphindigotate,  is  treated  with 
water,  the  solution  precipitated  by  lead  acetate,  and  the  insoluble 
lead  salt  washed  and  decomposed  by  sulphuretted  hydrogen.  A 
colorless  solution  of  hydrindigotin-disulphonic  acid,  C,(.H,oN202- 
(S03H)2,  results;  and  on  exposure  to  air  this  readily  oxidizes  to  a 

'  A  third  acid,  called  h  y  p  o  sn  1  p  h  i  n  d  i  go  t  i  c  acid,  is  said  to  be  formed, 
but  no  formula  has  been  assigned  to  it.  In  its  reactions  it  closely  resembles  sul- 
phindigotic acid,  but  its  salts  are  soluble  in  rectified  spirit. 
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blue  solution  of  sulpliincligotic  acid,  which  may  be  obtained  as  a 
blue  amorphous  mass  by  evaporating  the  solution. 

Sulphindigotic  acid  is  decolorized  by  reducing  agents.  By 
oxidizing  agents  it  is  converted  into  isatin-disulphonic 
acid,  CjgHj^N204(S03H)2,  a  body  of  an  orange  color,  on  the  forma- 
tion of  which  several  methods  for  the  assay  of  commercial  indigo 
are  based. 

Sulphindigotic  acid  is  decomposed  by  an  excess  of  strong  caustic 
alkali,  with  production  of  a  yellow  liquid;  but  with  dilute  alkalies 
it  •  reacts  to  form  s  u  1  p  h  i  n  d  i  g  o  t  a  t  e  s. ^  These  salts,  when 
solid,  have  a  beautiful  bronze-blue  color,  and  dissolve  freely  in 
pure  water,  yielding  blue  solutions.  In  saline  solutions  they  are 
almost  or  quite  insoluble;  and  hence,  on  adding  common  salt  or 
sulphate  of  sodium  to  the  solution  of  a  sulphindigotate  of  alkali- 
metal,  the  latter  compound  is  precipitated  in  blue  flakes. 

Potassium  sulphindigotate,  CigHgN202(S03K)2,  is  solu})le  in  140 
parts  of  water,  and  the  sodium  salt  somewhat  more  readily.  The 
lead  salt  is  insoluble,  and  the  barium  salt  very  slightl}^  soluble  in 
cold,  but  more  readily  in  hot  water.  The  sulphindigotates  of 
calcium,  magnesium,  and  aluminium  are  easily  soluble. 

Indigo  Extract.  Soluble  Indigo.  Indigo-carmine.  These 
names  are  applied  in  commerce  to  more  or  less  pure  indigo- 
sulphonic  acids  and  their  salts.  The  exact  nature  of  the  product 
varies  considerably  Vvith  the  quality  of  the  indigo,  the  proi)ortion 
of  sulphuric  acid  used,  the  temperature  employed  in  the  process, 
and  the  subsequent  treatment  of  the  sulphonated  indigo.  With  a 
moderate  proportion  of  acid,  the  mono-sulphonic  acid  is 
the  chief  product,  and  this,  when  converted  into  the  sodium  salt, 
is  known  as  indigo-purple  or  red  indigo-carmine.  A  product  of  sim- 
ilar composition,  know^n  as  Boiley^s  bine,  is  prepared  by  gradually 
adding  1  part  of  finel}^  powdered  indigo  to  10  or  20  parts  of  sodium 
hydrogen  sulphate,  NaHSO^,  in  a  state  of  fusion.  The  product  is 
dissolved  in  water,  precipitated  with  common  salt,  and  washed 
with  brine.  Boiley's  blue  is  a  crystalline,  light  purplish  mass, 
soluble  in  water  with  beautiful  blue- violet  color.  Its  solution  in 
strong  boiling  acetic  acid  deposits,  on  cooling,  large  prismatic  crys- 
tals, exhibiting  a  coppery  reflection.     It  is  insoluble  in  alcohol  or 

'  The  blue  color  of  solutions  of  indigo-snlphonic  acid  is  not  affected  by  alkaline 
carbonates,  but  as  caustic  alkalies  change  the  color  to  yellow,  the  latter  may  be 
determined  in  the  presence  of  the  former  by  the  use  of  sulphindigotic  acid  as  an 
indicator. 
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ether,  but  readily  soluble  in  hot  water.  The  hght  transmitted  by 
the  solution  is  red.  With  barium  and  strontium  salts  it  yields 
violet  precipitates. 

Saxony  blue,  chemic,  chemic  blue,  and  sour  extract  are  names 
applied  to  the  solution  of  indigo  in  sulphuric  acid,  without  any 
neutralization  or  subsequent  treatment.  It  is  not  unsuitable  for 
wool-dj^eing,  as  the  green  coloring  matter  which  it  generally  con- 
tains has  no  affinity  for  the  wool-fibre;  but  for  dyeing  silk  this 
must  be  removed.  For  this  purpose  the  acid  is  usually  converted 
into  a  sodium  salt,  known  as  itidigo-carmine.  This  can  be  made 
by  neutralizing  the  acid  with  soda-crystals,  when  the  sodium  sul- 
phate simultaneously  formed  precipitates  the  sodium  sulphin- 
digotate,  the  separation  being  rendered  complete  by  adding  com- 
mon salt.  The  precipitate  may  be  purified  by  re-solution  in 
water,  and  again  salting  out,  the  process  being  repeated  until  the 
absence  of  a  green  tint  in  the  filtered  liquid  shows  that  the  objec- 
tionable green  coloring  matter  has  been  entirely  removed.  The 
purified  precipitate  should  then  be  washed  with  water  until  the 
liquid  begins  to  run  through  blue,  when  it  is  drained  and  pressed. 
In  some  cases  the  solution  of  the  sulphonated  indigo  is  at  once  pre- 
cipitated with  common  salt,  without  being  previously  neutralized. 
Magnesia  and  chalk  are  sometimes  employed  instead  of  soda- 
crystals.  The  potassium  salt,  obtained  by  precipitating  a  solution 
of  sulphindigotic  acid  by  potassium  acetate,  is  occasionally  met 
with. 

Indigo-carmine  occurs  in  commerce  as  a  dry  powder  or  copper- 
colored  masses  having  a  blue  streak,  and  also  as  a  blue  or  purple 
paste,  which  should  be  free  from  any  green  or  brown  reflection. 
The  following  figures  indicate  the  usual  percentage  composition  of 
indigo  pastes: 


Organic  Matter. 


Saline  Matters. 


Water. 


Best  quality  

Second  quality.  .  .  . 
Thiiil  quality  


12.4 
10.2 
4.96 
10.8 
5.6 
9.55 


13.9 
4.8 
5.70 
4.7 
4.7 
7.80 


78.7 

85.0 

89.34 

84.5 

89.7 

82.65 


No.  1 
No.  2 
No.  3 


The  water  is  determined  by  drying  2  grammes  of  the  sample  at 
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100°,  and  noting  the  loss  of  weight.  The  dried  substance  is  then 
heated  jnst  to  redness  in  platinum,  when  the  residue  represents 
the  saline  matters,  the  loss  being  regarded  as  organic  matter.  The 
figure  thus  obtained  is  sometimes  reported  as  "coloring  matter," 
but  in  reality  is  made  up  of  water  not  driven  off  at  100°,  sulphuric 
acid  evolved  from  NaHSO^,  organic  impurities  of  the  indigo,  &c. 
As  the  real  coloring  matter  of  indigo-carmine  usuall}^  ranges  from 
2  to  5  per  cent.,  with  an  average  of  about  3  per  cent.,  it  is  evident 
that  the  organic  matter  of  a  sample  does  not,  even  approximately, 
indicate  its  tinctorial  value.  The  indication  is  still  more  .worthless 
in  presence  of  dextrin  and  other  adulterants.  A  useful  method 
of  assaying  indigo-carmine  is  to  dissolve  1  gramme  of  the  sample 
in  a  litre  of  water,  and  compare  the  depth  of  color  with  that 
yielded  by  a  standard  specimen;  but  the  difference  in  the  shade 
of  various  makes  of  indigo-paste  often  renders  this  method  of 
examination  untrustworthy.  In  such  cases  the  true  strength  of 
the  sample  is  best  ascertained  by  titration  with  permanganate  or 
hyposulphite. 

The  presence  of  the  green  coloring  matter  in  indigo-paste  may 
be  detected  by  rubbing  a  little  of  the  coloring  matter  on  glazed 
paper.  On  drying,  the  shade  will  vary  from  pale  blue  to  a  rich 
coppery-purple,  according  to  the  mode  of  manufacturing  the  paste; 
and  if  any  green  coloring  matter  be  present,  a  green  border  will 
be  observed  surrounding  the  blue  circle.  The  test  may  be  modified 
by  dropping  an  aqueous  solution  of  the  coloring  matter  on  a  piece 
of  filter-paper,  when  the  green  margin  will  become  evident  as  the 
paper  dries. 

Indigo-extracts  should  leave  no  undissolved  gritty  particles 
when  treated  with  water,  but  all  the  common  varieties  leave  a 
dirty  greenish-black  insoluble  residue.  Soluble  indigo  is  said  to 
be  sometimes  adulterated  with  farina,  dextrin,  and  other  inert 
matters.  A  general  indication  of  the  Cjuality  of  the  sample  may 
be  obtained  by  dissolving  a  known  weight  in  water,  adding  a  little 
alum  and  cream  of  tartar,  and  then  introducing  successive  swatches 
of  well-washed  white  wool  or  flannel.  The  value  of  the  sample 
will  be  in  proportion  to  the  weight  of  wool  dyed  to  a  standard 
shade  of  color.  The  green  coloring  matter  already  referred  to  as 
occurring  in  some  qualities  of  soluble  indigo  is  taken  up  by  wool 
last,  or  not  at  all,  when  the  sample  is  thus  treated. 

The  more  acid  varieties  of  soluble  indigo  are  employed  for 
dyeing  wool  and  worsted.    The  neutral  is  employed  for  silk,  and 
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is  also  used  for  dyeing  mixed  goods  containing  cotton,  and  for 
printing  woolen  goods,  such  as  tapestry-carpets,  etc.  The  dyeing 
is  effected  in  an  acid  bath,  to  which  cream  of  tartar,  sodium 
sulphate,  or  alum  is  sometimes  added.  ^ 

Synthetic  or  Artificial  Indigo.  Ever  since  1870  when  Bseyer 
produced  indigotine  by  treating  isatin  with  a  mixture  of  phos- 
phorous trichloride  and  acetyl  chloride,  the  attention  of  chem- 
ists has  been  fixed  on  the  problem  of  producing  synthetic  indigo 
at  a  price  sufficient  to  compete  commercially  with  the  natural 
product.  Since  that  time  numerous  syntheses  have  been  proposed 
for  indigo,  but  it  has  only  been  during  the  past  few  years  that  the 
artificial  product  has  been  able  to  enter  into  commerce. 

The  first  step  in  the  preparation  of  indigo  was  the  formation  of 
I  n  d  o  1.    This  substance  possesses  the  formula: 


-CH 


It  was  first  prepared  by  Bseyer  by  the  reduction  of  indigotine; 
Nencki  also  obtained  it  by  the  pancreatic  fermentation  of  albumen. 
Subsequently  it  has  been  prepared  synthetically  by  a  number  of 
reactions:  by  heating  orthonitrocinnamic  acid  with  potash  and 
iron  filings;  by  the  condensation  of  diethylorthotoluidine;  by 
melting  carbostyril  with  caustic  potash;  by  distilling  nitropro- 
penylbenzoic  acid  with  lime;  by  heating  ortho-amidostyrol  with 
sodium  ethylate;  by  the  condensation  of  tetrahydroquinoline;  by 
the  action  of  zinc  dust  and  ammonia  on  orthonitrophenyl  acetalde- 
hyde;  and  substituted  indols  are  prepared  by  heating  hydrazones 
with  zinc  cbloride  (Emil  Fischer).  By  the  oxidation  of  indol  by 
means  of  ozone,  Nencki  prepared  artificial  indigo  (Ber.  viii.,  727).^ 

Bseyer  (in  1878)  showed  that  oxindol  was  an  inner  anhy- 
dride of  orthoamidophenylacetic  acid;  he  also  prepared  isatin 
from  oxindol,  and  as  indigo  had  already  been  prepared  from  the 
former  substance,  a  complete  synthesis  of  indigo  from  orthoamido- 
phenylacetic acid  was  effected.    Indigo  has  also  been  synthetically 

^  A  solution  of  indi^^o-carmine  niny  bo  used  as  an  indicator  in  the  estimation  of 
nitrites  and  chlorine,  both  of  whicli  decoh)rize  it  on  boiling.  It  is  also  employed 
in  the  estimation  of  oxygen  and  tannin  and  as  a  test  for  sugar  in  urine,  as  sugar 
changes  tlie  blue  color  of  indigo-carmine  paper  to  yellow. 

*  Kmmerling  atid  Kngler,  in  1870,  claim  to  liave  prepared  indigo  by  heating 
nitro-acet()})henone  with  zinc  dust  and  soda-lime. 
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prepared  from  orthonitrocinnamic  acid  (Ber.  xiii.,  2259);  from 
orthonitropropiolic  acid  (Annal.  cxliii.,  325,  cxlvii.,  78,  cliv.,  137); 
from  orthonitrobenzaldehyde,  and  analogous  substances.  If 
phenylgiycocine  is  treated  with  fuming  sulphuric  acid  indigo- 
disulphonic  acid  is  obtained,  and  the  yield  is  quite  satisfactory. 
Pure  indigo  may  also  be  obtained  from  phenylgiycocine  by  heat- 
ing it  with  four  times  its  weight  of  caustic  soda  until  the  pale 
yellow  melt  at  first  obtained  becomes  pure  orange  in  color;  on 
treating  this  w^ith  a  large  amount  of  water  indigo  separates  out 
(L  e  d  e  r  e  r,  /.  praJd.  Chem.  xlii. ,  383).  H  e  u  m  a  n  n  ( Chem. 
Zeit.  xiv.,  1367)  has  prepared  indigo  by  beating  phenylglycocoll, 
CgH5.NH.CH2.COOH,  with  caustic  soda  until  the  melt  becomes 
dark  orange  in  color;  on  dissolving  the  product  in  water  and  pass- 
ing air  through  the  solution,  pure  indigo  is  deposited.  If  the  melt 
obtained  by  heating  aniline  and  monochloracetic  acid  with  caustic 
soda  until  the  mass  is  yellow^,  is  dissolved  in  water  and  a  current 
of  air  is  passed  through  the  solution,  pure  indigo  is  precipitated. 
Anilidoacetic  acid  may  also  be  used  with  the  same  results.  By 
heating  anilidomalonic  esters  to  200°  C.  or  above  an  inner  con- 
densation takes  place,  and  an  indoxylic  ester  is  the  result;  this  on 
hydrol3^sis  yields  indoxylic  acid,  (the  so-called  I  n  d  o  p  h  o  r, 
r(l)C.OH 

CgH^  I  ^2^;^Tjj>0.C0.^H),  and  indigo  may  be  prepared  from  the 

latter  by  oxidizing  with  a  current  of  air  in  an  alkaline  solution. 
Another  synthesis  is  by  condensing  orthonitrotoluene  with  oxalic 
ester,  and  reducing  the  orthonitrophenylpyrouvic  acid  so  obtained 
with  sodium  amalgam,  allowing  the  product  to  stand  in  concen- 
trated sulphuric  acid  and  subsequently  saturating  with  ammonia 
and  oxidizing  by  means  of  a  current  of  air.  The  indigo  obtained 
in  this  way  is  about  23  per  cent,  of  the  nitrophenyl-pyrouvic  acid 
employed. 

The  Badische  Anilin  und  Soda  Fabrik  of  late  have  been  placing 
synthetic  indigo  upon  the  market  in  large  quantities  under  the 
name  of  indigo-pure  partly  as  paste  and  partly  as  powder. 
This  dyestuff  contains  about  97  per  cent,  of  pure  indigotine  and  8 
per  cent,  of  moisture  and  mineral  substances.  The  successive 
stages  in  the  manufacture  of  this  product  may  be  outlined  as 
follows:   Naphthalene,  Cj^Hg,  is  converted  into   phthalic  acid. 


CgH,  this  into  phthalimide,  C,H,  ]       >NH,  the  latter 
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into  anthranilic  acid,  CgH^ 
orthocarboxylic  acid  CgH^  < 


this   into  phenylglycine 


COOH 

^sH.CH  COOH' 


which  is  then  con- 


verted into  indoxylcarboxyhc  acid,  CgH^  <        >CH  COOH  and 


The  INDIGO-SALT  (of  Kalle  &  Co.)  is  prepared  from  ortho- 
nitrobenzaldehyde  by  heating  with  acetone  and  then  combining 
the  product  with  sodium  bisulphite.  This  substance  has  the 
formula: 


It  is  a  white  crystalline  paste  which  smells  of  sulphurous  acid; 
when  heated  with  caustic  soda  it  is  decomposed,  and  indigo  is 
slowly  deposited.  It  is  applied  to  cotton  and  wool  by  impregnat- 
ing the  fibre  with  a  solution  of  the  dyestuff,  and  after  drying, 
passing  through  a  solution  of  caustic  soda  which  liberates  the 
indigo  on  the  fibre.  In  calico-printing  indigo  has  also  been  pro- 
duced upon  the  fibre  by  printing  with  propioHc  acid  and  reducing 
with  xanthogenate  of  sodium.  The  colors  thus  obtained  are  said 
to  be  brighter  than  natural  indigo  and  are  more  resistant  to  rubbing 
and  soaping;  how^ever,  propiolic  acid  cannot  be  used  in  connection 
with  steam  colors,  and  the  xanthogenate  of  sodium,  which  appears 
to  be  the  most  suitable  reducing  agent  for  the  purpose,  gives  the 
material  a  disagreeable  odor. 

From  the  fact  that  artificial  indigo  consists  of  pure  indigotine 
and  does  not  contain  any  indigo-red  (indirubin)  or  indigo-gluten, 
it  does  not  appear  to  give  as  good  results  as  the  natural  product  in 
cotton  dyeing.  This  defect  may  be  remedied,  however,  by  adding 
to  the  vat  such  substances  as  glue,  Turkey-red  oil,  etc.;  or  better, 
by  impregnating  the  cotton  with  these  before  dyeing. 

Commercial  Indigo. — Indigo  occurs  .in  conmierce  in  lumps  or 
frngmcnts  of  a  deep  blue  color,  usually  showing  a  bronze  or  purple- 
red  streak  Avhen  rubbed  with  any  hard  substance,  or,  in  the  case  of 
the  better  kinds,  even  with  the  friction  of  the  thumb  only.  The 
fracture  of  indigo  is  dull  and  earthy,  and  it  is  practically  insoluble 
in  water  or  any  of  the  ordinary  solvents,  excei)t  concentrated 
sulphuric  acid. 


finally  into  indigo,  CgH^ 


CO 
NH 
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Indigo  varies  much  in  quality  according  to  the  care  taken  in  its 
preparation.^  The  i n  d  i  g  o  t  i  n  or  indigo-bUie,  which  is  the  most 
vahiable  and  abundant  constituent,  varies  from  20  to  (occasionally) 
80  per  cent. ,  with  an  average  of  about  45  per  cent.  The  only  other 
constituent  of  tinctorial  value  is  the  indirubin  or  indigo- 
re  d,  the  proportion  of  which  is  generally  between  3  and  5  per  cent. 
Chlorophyll  (more  or  less  altered),  a  brown  coloring  matter 
called  indigo -brown,  and  a  gluten-like  substance  termed 
i  n  d  i  g  o-g  1  u  t  e  n,  are  the  other  principal  constituents,  in  addition 
to  a  trifling  percentage  of  moisture  and  a  variable  proportion 
of  m  i  n  e  r  a  1  m  a  1 1  e  r. 

When  an  indigo  of  superior  quality  is  required,  as  is  desirable 
for  making  indigo-extract,  the  finely  powdered  substance  is  treated 
several  times  at  a  gentle  heat  with  hydrochloric  acid  containing  a 
little  free  chlorine,  by  which  treatment  iron,  lime,  and  some  other 
mineral  impurities  are  dissolved,  while  the  amylaceous  matters  are 
converted  into  dextrin  or  sugar,  which  is  removed  by  subsequent 
washing  with  water.  The  residue  is  then  treated  with  weak 
caustic  soda,  which  removes  chlorophyll  and  some  other  organic 
impurities.  The  product  is  known  in  connuerce  as  refined  indigo. 
The  same  name  is  applied  commercially  to  a  product  obtained  by 
reducing  finel3^-ground  indigo  with  ferrous  sulphate  and  lime. 

The  tecJmical  analysis  of  indigo  is  usually  limited  to  determina- 
tions of  the  moisture,  ash,  specific  gravity,  aud  color- 
ing matter.  In  some  cases  the  indigotin  is  the  only 
coloring  matter  taken  into  account,  but  the  indirubin  ought 
not  to  be  neglected,  as  it  modifies  the  shade  of  the  blue  produced, 
and  is  itself  capable  of  dyeing  any  fast  colors.  Indigo-brown,  on 
the  other  hand,  is  of  no  practical  interest,  as  in  the  dye-vat  it  forms 
an  insoluble  compound  with  the  lime  used,  and  in  making  extract 
is  precipitated  w^hen  the  sulphuric  acid  solution  of  the  indigo  is 
diluted  with  water.  The  methods  of  determining  the  proportion 
of  coloring  matter  in  indigo  are  very  numerous,  but  few  can  be  at 
once  considered  both  accurate  and  practical."^ 

The  moisture  in  commercial  indigo  usually  ranges  from  3  to  8 

'See  a  paper  on  West  African  Indigo  by  Eawson  and  Knecht,  in  tlie 
Jour.  Soc.  Dyers,  &c.,  iv,  66. 

^  The  valuation  of  indigo  has  been  treated  in  an  exhaustive  manner  by  C. 
Raws  on  {Jour.  Soc.  Dyers,  t&c,  i,  74,  211),  from  whose  paper  much  of  the 
information  here  given  is  derived,  and  to  whom  the  author  is  indebted  for  the 
perusal  and  correction  of  this  article  on  the  subject. 
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per  cent.,  and  may  be  determined  with  accuracy  by  observing  the 
loss  of  weight  undergone  by  the  sample  on  exposure  to  the  tem- 
perature of  boiling  water. 

The  ash  left  on  igniting  commercial  indigo  is  a  useful  criterion 
of  its  purity.  In  the  purest  kinds  it  is  sometimes  as  low  as  2  per 
cent.,  but  from  5  to  8  per  cent,  is  a  more  usual  proportion.  Some 
of  the  inferior  kinds  of  indigo,  such  as  Kurpah  and  Madras,  fre- 
quently contain  from  25  to  35  per  cent,  of  ash. 

Leuches  has  recommended  the  determination  of  the  specific 
gravity  as  a  useful  preliminary  test  of  the  quality  of  indigo,  and 
gives  the  following  figures  in  illustration  of  the  relation  between 
the  specific  gravity  and  percentage  of  indigotin: — 


Specific  gravity  .  . 
Indigotin,  per  cent. 


1.324 

1.332 

1.350 

1.371  1.384 

1.421 

1.437 

1.455 

5(3 

55 

53 

49  44 

40 

37 

35 

Helen  Cooley  {Amer.  Jour.  Anal.  Chern.,  ii,  130)  has  re- 
corded the  specific  gravities  and  percentages  of  ash  and  indigotin 
contained  in  the  following  samples  of  commercial  indigo: — 


Description. 

Specific  Gravity. 

Ash. 

Indigotin. 

Kurpah  blue,  .... 

1.129 

17.54 

55.11 

Watson's  best,    .  .  . 

1.292 

6.50 

59.58 

Bengal  red,  

1.391 

6.41 

54.03 

Oude,   

1.427 

7.02 

52.90 

1.431 

7.50 

57.60 

Kurj)ah  red,  .... 

1.529 

21.20 

45.28 

1.559 

14.49 

47.04 

These  figures  do  not  establish  tlie  value  of  the  specific  gravity  as 
a  test  of  quality,  or  even  indicate  that  it  is  a  criterion  of  the  pro- 
portion of  ash. 

Starch,  sometimes  colored  with  iodine,  is  said  to  he  occasionally 
employed  for  adulterating  indigo.  To  detect  it,  the  sample  should 
be  treated  with  a  cold  dilute  solution  of  sodium  thiosulphate,  and 
the  insolu})le  residue  washed  with  proof  spirit.  The  starch -granules 
may  then  be  detected  by  the  microscope,  or  the  residue  may  be 
boiled  with  water  and  the  starch  tested  for  by  adding  iodine  solu- 
tion to  the  filtered  liquid. 

A  useful  proximate  analysis  of  indigo,  together  with  a  moderately 
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accurate  determination  of  the  indigotin  present,  may  be  effected  as 
follows: — The  sample  is  dried  at  100°  to  determine  the  water, 
then  treated  with  hot  water  and  the  residue  dried  and  weighed. 
This  gives  the  matters  soluble  in  water,  and  the  residue  is  treated 
in  succession  with  dilute  hydrochloric  acid,  dilute  caustic  soda,  and 
alcohol.  The  loss  of  weight  resulting  from  each  of  these  treat- 
ments may  be  determined  with  advantage,  especially  the  amount 
of  matter  soluble  in  alcohol,  as  this  represents  the  indigo-red  of 
the  sample.^  The  residue  after  this  treatment  is  dried  and  w^eighed. 
Its  weight,  after  deducting  that  of  any  ash  it  may  leave  on  igni- 
tion, represents  the  indigotin  of  the  sample. 

C.  Tennant  Lee  (Chem.  News,  1,  49;  from  Joi^r.  American 
CJtem.  Soc. )  has  proposed  to  assay  indigo  by  observing  the  amount 
of  indigotin  which  can  be  obtained  by  sublimation — a  method 
which  is  easy,  rapid,  and,  in  his  experience,  uniformly  satisfactory. 
For  the  operation  he  recommends  the  use  of  a  shallow,  flat-bottomed, 
platinum  tray,  7  centimetres  in  length,  2  wide,  and  0.3  or  0.4 
deep.  About  0,25  gramme  of  the  finely  pow^dered  sample,  pre- 
viously dried  at  100°,  is  introduced  and  spread  evenly  over  the 
bottom  of  the  tray,  which  is  then  gradually  heated  on  an  iron 
plate.  When  the  surface  of  the  indigo  becomes  covered  with  a 
shining  layer  of  crystals,  the  tray  is  covered  with  a  piece  of  sheet 
iron,  about  8  or  9  centimetres  in  length  and  bent  into  a  slightly 
arched  form,  so  that  the  highest  point  may  be  about  1  cm. 
above  the  plate.  The  heat  is  simultaneously  lowered.  Purple 
vapors  of  indigotin  are  now  given  off,  a  portion  condensing  on  the 
concave  side  of  the  arch.  The  heat  is  now  raised  slowly,  so  as  to 
maintain  a  constant  sublimation  of  indigotin,  the  progress  of  which 
can  be  observed  by  raising  the  arch.  With  a  50  per  cent,  indigo, 
the  operation  is  complete  in  30  to  40  minutes;  but  soft  Java  indigo 
must  be  treated  with  more  caution,  the  sublimation  sometimes 
occupying  two  hours.  When  all  crystals  of  indigotin  have  dis- 
appeared from  the  dark -colored  surface  of  the  residue,  the  tray  is 
removed,  cooled  in  a  desiccator,  and  weighed,  the  loss  of  weight 
being  regarded  as  indigotin.  On  repeating  the  process  the  results 
should  not  vary  more  than  0.3  per  cent.  C.  R  a  w  s  o  n  points  out 
that  the  author  of  the  above  process  has  not  given  any  figures  by 

*  As  indigo-brown  is  only  with  difficulty  removed  by  treating  indigo  with  caustic 
soda,  the  indigo-red  is  liable  to  be  contaminated  with  the  portion  of  the  brown 
which  escaped  solution.  By  treating  the  impure  product  with  dilute  caustic  alkali, 
the  indigo-brown  will  be  readily  dissolved  and  the  indirubin  obtained  pure. 
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which  the  results  obtained  can  be  compared  with  those  yielded  by 
other  methods.  In  his  own  experience  he  has  found  the  agree- 
ment to  be  in  many  cases  very  good;  but,  as  a  rule,  inferior  quali- 
ties of  indigo,  containing  much  matter  soluble  in  hydrochloric  acid, 
yield  by  the  sublimation-process  results  above  the  truth;  whilst, 
on  the  other  hand,  rich  samples  give  results  which  are  undoubtedly 
too  low.  Rawson  obtained  differences  of  upwards  of  2  per  cent, 
by  an  alteration  in  the  cover.  It  seems  probable  that  these 
strictures  are  justified,  but  that  the  process  is  nevertheless  very 
useful  in  many  cases.  If  applied  to  indigo  which  had  been  sub- 
jected to  a  prelin)inary  treatment  with  dilute  hydrochloric  acid, 
and  then  thoroughly  dried,  it  would  probably  yield,  on  subjection 
to  carefully-regulated  sublimation,  results  of  considerable  accuracy. 

Another  method  of  estimating  the  real  indigotin  present  in  com- 
mercial indigo  is  based  on  its  reduction  to  the  leuco-derivative 
(white  indigo),  and  reoxidation  of  this  by  exposure  to  air.  Some 
of  the  processes  for  effecting  this  are  tedious  and  deficient  in  accu- 
racy, but  the  following,  in  one  of  which  the  reduction  is  effected 
by  a  ferrous  hydroxide  and  in  the  other  by  a  hyposuli)hite,  are 
recommended  by  C.  R  a  w  s  o  n.  The  iron  process  is  conducted  by 
treating  1  gramme  of  the  finely  powdered  sample  in  a  flask  with 
2  grammes  of  crystallized  ferrous  sulphate,  5  of  caustic  soda,  and 
1000  c.c.  of  water.  The  flask  is  closed  by  a  cork  having  three 
perforations,  through  one  of  which  passes  a  syphon,  while  the 
other  two  are  used  for  the  entrance  and  exit  of  a  current  of  coal- 
gas.  The  contents  of  the  flask  are  maintained  at  a  temperature  a 
little  below  the  boiling  point  for  to  2  hours,  when  the  source  of 
heat  is  removed  and  the  insoluble  matters  allowed  to  subside. 
A  measure  of  500  c.c.  (=  ^  gramme  of  the  sample)  is  now  syphoned 
off,  and  the  reduced  indigo  oxidized  by  passing  a  current  of  air 
through  the  solution.  To  complete  the  precipitation,  the  liquid  is 
acidified,  and  the  precipitate  of  indigotin,  mixed  with  indirubin 
and  indigo-brown,  allowed  to  subside.  The  supernatant  liquid  is 
passed  through  a  weighed  filter,  and  the  precipitation  washed 
several  times  by  decantation  with  hot  water.  It  is  then  boiled 
with  alcohol,  which  dissolves  the  brown  and  red  coloring  matters, 
allowed  to  cool  to  insure;  the  separation  of  any  traces  of  dissolved 
indigotin,  transferred  to  the  filter,  washed  with  rectified  spirit,  and 
the  pure  indigotin  dried  at  100°  and  weighed. 

Th(;  following  method  is  preferred  by  C.  Rawson,  as  leaving 
nothing  to  be  desired  in  point  of  accuracy,  and  being  more  rapid 
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than  any  other  reduction-process: — 1  gramme  of  the  finely  pow- 
dered sample  is  made  into  a  paste  with  water,  and  treated  in  a 
flask  with  about  GOO  c.c.  of  lime-water.  The  flask  is  closed  by  a 
cork  having  four  perforations,  two  of  which  serve  for  the  passage 
of  a  current  of  coal-gas,  a  third  carries  a  syphon,  while  to  the 
fourth  is  fitted  a  tap-funnel.  The  contents  of  the  flask  are  heated 
to  80°  C,  and  100  to  150  c.c.  of  a  strong  solution  of  sodium  hypo- 
sulphite (NallSOJ  introduced  through  the  tap-funnel.'  In  a  few 
minutes  the  liquid  assumes  a  yellow  tint,  and  is  maintained  at  a 
temperature  near  the  boiling  point  for  half  an  hour.  After  allow- 
ing the  insoluble  matter  to  subside,  an  ahquot  part  of  the  solution 
should  be  removed  and  a  current  of  air  drawn  through  it  for  about 
twenty  minutes,  when  it  is  acidulated  with  hydrochloric  acid. 
The  precipitate,  consisting  of  a  mixture  of  indigotin  and  indirubin, 
is  collected  on  a  weighed  filter,  thoroughly  washed  with  hot  water, 
dried  at  100°,  and  weighed.  It  is  then  exhausted  by  boiling 
alcohol,  whereby  the  indirubin  is  dissolved,  and  can  be  estimated 
from  the  loss  of  weight  or  recovered  by  evaporating  the  alcoholic 
solution. 

Although,  with  care,  the  precipitate  of  mixed  indigotin  and 
indirubin  obtained  as  above  may  usually  be  obtained  free  from 
impurities,  in  some  cases  Rawson  recommends  that  the  dried 
precipitate  should  be  dissolved  in  pure  concentrated  sulphuric 
acid  at  85°  C,  and  an  aliquot  part  of  the  diluted  solution  titrated 
with  permanganate,  each  1  c.c  of  which,  according  to  him,  cor- 
responds to  0.0015  gramme  of  indigotin. 

In  a^ method  described  by  II.  M.  Rau  (Jour.  Amer.  Chem.  Soc, 
1885,  7,  16),  which  is  a  modification  of  one  previously  suggested 
by  Fritsche  (Annal.  Chem.,  xliv.  290),  the  indigo  is  reduced 
in  alkaline  solution  by  glucose.  The  operation  is  conducted  in  a 
weighed  fiask  of  about  8  oz.  capacity,  fitted  with  a  cork  carrying 
two  tubes.  From  1 J  to  2  grammes  of  the  sample  of  indigo,  3  to  4 
of  pure  grape  sugar,  from  5  to  10  c.c.  of  a  40  per  cent,  solution  of 
caustic  soda,  60  c.c.  of  w-ater,  and  about  120  c.c.  of  rectified  spirit 

'  The  sodium  hyposulphite,  which  must  not  be  confounded  with  the  thio- 
snlphate,  NagSjOs,  is  prepared  by  treating  a  sohition  of  sodium  hydrogen  sulphite 
(NaHSOs)  with  zinc-dust  in  a  closed  flask.  After  standing  about  one  hour,  with 
occasional  agitation,  the  liquid  is  decanted  and  diluted  with  a  litre  of  recently 
boiled  distilled  water.  About  50  grammes  of  slaked  lime  should  be  next  added, 
the  vessel  closed,  and  when  the  precipitate  has  subsided  the  clear  liquid  is 
f^yphoned  off  and  kept  under  a  layer  of  kerosene  oil,  in  a  bottle  protected  from 
the  light. 
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are  employed,  and  the  total  weight  of  the  apparatus  is  observed. 
The  flask  is  heated  in  a  water-bath  for  half  an  hour,  and  allowed 
rest  for  another  hour.  One  of  the  two  tubes  is  then  connected 
with  an  apparatus  generating  carbon  dioxide,  by  which  the  liquid 
is  blown  out  through  the  other  tube,  which  is  arranged  as  a  syphon, 
and  the  shorter  limb  of  which  is  loosely  plugged  with  glass-wool. 
The  weight  of  the  liquid  expelled  is  noted,  and  the  indigotin  is  then 
precipitated  by  passing  a  current  of  carbon  dioxide  for  about  fifteen 
minutes,  and  this  is  followed  by  a  current  of  air  to  complete  the 
precipitation.  The  precipitate  is  crystalline,  and  is  readily  washed. 
It  is  stated  by  Rau  to  represent  the  indigotin  and  indirubin  of  the 
sample,  but  Rawson  has  pointed  out  {Jour.  Soc.  Dyers,  &c.,  i.  211) 
that  the  solubility  of  indirubin  in  alcohol  renders  its  precipitation 
improbable,  and  he  has  proved  by  actual  experiment  that  the  pre- 
cipitate obtained  by  Rau's  process  consists  of  pure  indigotin,  yield- 
ing nothing  either  to  cold  alcohol  or  to  ether. 

A  volumetric  method  of  determining  indigotin  has  been  described 
by  L.  M.  Norton  (Amer.  Assoc.  Adv.  Science,  1880,  p.  358). 
One  gramme  of  the  sample  is  mixed  in  a  mortar  with  milk  of  lime, 
and  the  paste  washed  into  a  flask.  One  gramme  of  zinc-dust  is 
added,  and  water  added  to  a  mark  on  the  neck.  The  flask  is  then 
heated  on  the  water-bath  for  half  an  hour,  closed,  and  allowed  to 
stand  overnight.  In  the  morning  the  contents  are  shaken,  allowed 
to  settle,  and  a  volume  of  100  c.c.  blown  out  by  a  neutral  gas  into 
a  solution  of  iron-alum.  The  ferrous  salt  formed  corresponds  to 
the  reduced  indigo  in  the  volume  taken,  and  is  determined  by 
titration  with  a  standard  solution  of  bichromate.  IJelen 
Cooley  {Aw.er.  Jour.  Anal.  Chem.,  ii.  133)  states  that  the  man- 
ipulation is  simple,  and  that,  with  some  practice,  the  method 
gives  good  results. 

A  variety  of  methods  of  assaying  indigo  has  been  based  on  the 
oxidation  of  the  coloring  matter  in  acid  solution.  Thus,  potas- 
sium permanganate,  bichromate,  and  ferric3^anide  have  all  been 
recommended  and  used  to  a  considerable  extent,  and  bleaching 
powder  solution  has  also  been  employed.  All  these  processes  are 
open  to  the  oV)jection  that  the  oxidizing  agent  acts  on  the  indigo- 
gluten  and  ferrous  salts,  as  well  as  on  the  indigo-red  and  indigo- 
blue,  and  hence  the  results  are  liable  to  be  seriously  above  the 
truth;  but  Rawson  has  pointed  out  that  the  errors  due  to  this 
cause  may  be  practically  avoided  by  previously  precipitating  the 
sulphindigotic  acid  in  the  form  of  the  sodium  salt,  by  adding 
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cornmon  salt  to  the  solution.  He  recommends  the  following 
method  of  working: — 1  gramme  of  the  sample  of  indigo  in  the 
form  of  impalpable  powder  is  mixed  in  a  small  mortar  with  about 
its  own  weight  of  ground  glass.  This  mixture  is  gradually  and 
carefully  added,  during  constant  stirring  with  a  glass  rod,  to  20  c.c. 
of  concentrated  sulphuric  acid  (sp.  gr.  1.845),  which  is  then  heated 
to  about  85°  C.  for  an  hour.^  The  product  is  then  cooled,  diluted 
with  water  to  1  litre,  and  filtered  from  indigo-brown  and  other 
insoluble  matters.  If  the  solution  be  now  at  once  titrated  with 
permanganate  the  results  are  liable  to  be  seriously  above  the  truth, 
owing  to  the  presence  of  sulphurous  acid,  ferrous  salts,  indigo- 
gluten  or  the  products  of  its  decomposition,  and  other  oxidizable 
matters.^  To  eliminate  this  source  of  error,  Rawson  recommends 
that  50  c.c.  of  the  filtered  solution  should  be  treated  with  50  c.c. 
of  w^ater  and  32  grammes  of  common  salt,  which  quantity  is 
almost  sufficient  to  saturate  the  liquid.  After  standing  for  two 
hours,^  the  solution  is  filtered  and  the  precipitate  washed  with 
about  50  c.c.  of  brine  of  1.2  sp.  gr.  The  precipitated  sodium 
sulphindigotate  is  dissolved  in  hot  water,  and  the  solution  cooled, 
mixed  with  1  c.c.  of  sulphuric  acid,  and  diluted  to  300  c.c.  This 
solution  is  then  titrated  in  a  porcelain  dish  with  a  solution  of 
potassium  permanganate,  containing  0.5  gramme  of  the  solid  salt 
per  litre,*  the  exact  oxidizing  power  of  which  has  been  ascertained 
by  experiment  with  a  solution  of  pure  indigotin.  This  is  made 
by  dissolving  0.5  gramme  in  strong  sulphuric  acid,  diluting  the 

^The  temperature  and  time  recommended  in  the  test  should  not  be  greatly 
exceeded.  Tlie  sulphuric  acid  employed  for  dissolving  the  indigo  must  be  free 
from  arsenic  and  nitrous  compounds.  The  first  condition  may  be  ensured  by 
well-known  means,  the  second  by  heating  the  acid  with  a  few  crystals  of  am- 
monium sulphate.  As  sulphurous  acid  is  liable  to  be  formed  during  the  sulphona- 
tion  of  the  indigo  at  a  high  temperature,  unless  it  is  carefully  removed  a  serious 
error  may  be  introduced.  To  avoid  this  difficulty  it  is  recommended  to  add  to 
the  sulphuric  acid  about  40  per  cent,  of  its  weight  of  phosphoric  anhydride;  no 
external  heat  is  there  necessary,  and  the  sulphonation  is  completed  in  about  two 
hours  with  a  very  slight  rise  in  temperature. 

For  this  reason  indigo  is  frequently  adulterated  with  reducing  agents  such  as 
oxalic  acid. 

•^Rawson  states  that  if  the  liquid  be  strongly  agitated,  by  drawing  a  current  of 
air  tlirougli  the  solution,  the  precipitate  completely  separates  in  less  than  half  an 
hour. 

*  Instead  of  permanganate  of  this  strength,  solution  (0.6324  gramme  per 
litre  of  KMnO^)  may  be  used.  According  to  Rawson,  1  c.c.  of  this  oxidizes 
0.0015  gramme  of  indigotin. 
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solution  to  1  litre,  and  employing  50  c.c.  of  the  solution  and  250 
c.c.  of  water  for  the  titration.  Tlie  oxidation  is  regarded  as  com- 
plete when  the  liquid,  which  first  takes  a  greenish  tint,  changes  to 
a  light  yellow,  with  a  faint  pink  color  on  the  margin.  A  correc- 
tion should  be  made  for  the  small  quantity  of  sodium  sulphindigo- 
tate  which  escapes  precipitation  by  the  salt,  and  which  Rawson 
finds  to  be  equivalent  to  1  milligramme  of  indigotin. 

Instead  of  precipitating  the  sodium  sulphindigotate  by  salt,  as 
recommended  by  Rawson,  it  is  in  many  cases  sufficient  to  mix  the 
sample  of  indigo  with  powdered  glass,  and  treat  with  hot  hydro- 
chloric acid  of  moderate  strength,  filtering,  washing  the  insoluble 
portion  with  a  mixture  of  alcohol  and  ether,  drying,  and  treating 
with  sulphuric  acid.'  Whether  or  not  this  treatment  be  substi- 
tuted for  precipitation  of  the  sulphindigotate,  it  is  essential,  in 
order  to  obtain  accurate  results,  that  the  dikite  solution  in  sul- 
phuric acid  should  be  filtered,  to  remove  indigo- brown  and  other 
organic  matters  having  a  reducing  action  on  the  permanganate. 

Other  oxidizing  agents,  such  as  potassium  ferricyanide  or  bichro- 
mate, which  have  been  recommended  for  titrating  the  solution  of 
sulphindigotate,  present  no  advantage  over  permanganate,  and  the 
end-reaction  is  not  so  well  defined. 

Instead  of  assaying  the  solution  of  sulphindigotic  acid  or  its 
sodium  salt  by  an  oxidizing  agent,  a  suitable  reducing  agent  may 
be  substituted.  Mulder  has  proposed  the  use  of  stannous 
chloride  for  the  purpose,  and  Bernthsen  and  Drews  ( Chein. 
News,  xiiii.  80)  have  suggested  Schiltzenberger's  hyposulphite 
of  sodium  (NaHSOJ  for  reducing  sulphindigotic  acid.  They  find 
the  reduction  to  occur  in  a  strictly  quantitative  manner,  according 
to  the  equation: — 

C,6H8N,0,(S03H)2  +  NaHSOg  +  H^O  =  CieHjoNAlSO.H),     NaHS03.  " 

A.  Mailer  has  also  recommended  the  utilization  of  this  reac- 
tion, and  C.  Rawson  considers  that,  of  all  the  volumetric 
methods  which  have  been  devised  for  estimating  "indigotin,"  the 
hyposulphite  process  is  capable  of  giving  the  most  rapid  and 
accurate  results,  but  considerable  care  and  delicacy  are  required  in 
the  manipulation. 

If  iron  be  present  in  the  ferric  state,  the  results  ol)taincd  by  the 

^  If  the  treatment  witli  salt  bo  omitted,  the  solution  of  the  indigo  in  sulphuric 
acid  should  be  somewhat  diluted,  boiled  for  fifteen  minutes  to  drive  off  sulphurous 
acid,  cooled,  and  diluted  to  1  litre. 


INDIGO. 


401 


hyposulphite  process  will  be  above  the  truth,  but  it  is  only  in  the 
lower  classes  of  indigo  that  this  impurity  is  present,  and  in  those 
cases  it  principally  exists  in,  or  becomes  subsequently  reduced  to, 
the  ferrous  state.  Of  course,  treatment  of  the  sample  with  hydro- 
chloric acid,  or  precipitation  of  the  sulphindigotate  by  salt,  can  be 
resorted  to  if  requisite.  Neither  indigo-gluten,  indigo-brown,  nor 
indigo-red  has  any  appreciable  oxidizing  action  on  sodium  hypo- 
sulphite. Hence  the  method  is  one  which  effects  a  determination 
of  actual  indigotin  present,  and  is  in  that  respect  less  adapted  for 
the  commercial  valuation  of  indigo  than  a  method  like  that  of 
oxidation  by  permanganate,  which  also  takes  cognizance  of  the 
indirubin  of  the  sample. 

The  use  of  sodium  hyposulphite  for  reducing  indigo  in  presence 
of  an  alkali  has  already  been  described.  Its  application  to  acid 
solutions  of  indigo  and  to  the  assay  of  indigo-carmine  is  carried 
out  by  Rawson  as  follows: — A  standard  solution  of  cupric  sulphate 
is  prepared  by  dissolving  1.904  gramme  of  the  crystallized  salt 
(CuS04,5H20)  in  water,  adding  100  c.c.  of  strong  ammonia  (sp. 
gr.  0.880),  and  diluting  to  1  litre.  50  c.c.  of  this  solution  is  boiled 
in  a  wide-mouthed  flask  of  about  200  c.c.  capacity,  to  expel  air, 
and  allowed  to  cool.  The  flask  is  fitted  with  a  caoutchouc  stopper 
pierced  wdth  four  holes,  tw^o  of  which  serve  for  the  entrance  and 
egress  of  a  current  of  coal-gas,  while  into  the  other  two  are  fitted 
the  noses  of  two  Mohr's  burettes  containing  the  solutions  of  sodium 
sulphindigotate  and  sodium  hyposulphite  respectively.  The  latter 
solution  should  be  of  one-fifth  of  the  strength  of  that  employed 
for  the  alkaline  reduction-process,  and  the  burette  containing  it  is 
attached  to  the  stock-bottle  of  standard  solution  in  such  a  manner 
that  it  can  be  refilled  without  introducing  air.  A  current  of  coal- 
gas  (previously  caused  to  traverse  a  U-tube,  charged  with  a  mix- 
ture of  milk  of  lime  and  solution  of  ferrous  sulphate)  is  passed 
through  the  flask  containing  the  measured  quantity  of  copper  solu- 
tion, and  the  solution  of  sodium  hyposulphite  is  then  gradually 
run  in  until  the  liquid  becomes  nearly  colorless,  when  a  few  drops 
of  indigo-carmine  solution  are  added  from  the  other  burette,  and 
finally  a  further  quantity  of  hyposulphite  is  added  until  the  solu- 
tion assumes  a  peculiar  brownish-red  color.  The  volume  of  hypo- 
sulphite employed,  after  making  a  slight  correction  for  that 
requisite  to  reduce  the  sulphindigotate,  represents  the  quantity 
required  to  reduce  .050  gramme  of  indigotin,  this  being  the 
amount  to  wdiich  50  c.c.  of  the  standard  copper  solution  is  equiva- 
26 
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lent.  The  strength  of  the  hyposulphite  solution  having  been  thus 
ascertained,  a  measure  of  50  c.c.  of  sulphindigotic  acid  solution, 
prepared  as  already  described,  is  introduced  into  the  flask,  boiled 
to  expel  the  air,  and  allowed  to  cool.  The  flask  is  then  attached 
to  the  burettes,  coal-gas  passed  as  before,  and  the  hyposulphite 
solution  gradually  added  during  constant  agitation.  With  pure 
indigotin  and  the  better  qualities  of  indigo,  the  liquid,  when 
fully  reduced,  becomes  of  a  pale  yellow  tint,  but  in  the  case  of 
inferior  samples  it  has  a  more  or  less  dirty  brownish-yellow  color. 
In  both  cases,  however,  the  end  of  the  reaction  is  perfectly  well 
defined. 

C.  Raws  on  {Jour.  Soc.  Dyers,  &c./\.  79)  gives  the  following 
figures  showing  the  results  yielded  by  six  typical  samples  of  com- 
mercial indigo  when  examined  by  the  principal  of  the  methods 
already  described. 


Java. 

Bengal. 

Bengal. 

OUDE. 

KURPAH. 

Madkas. 

Water. 

2.99 

5.22 

6.17 

7.50 

8.05 

5.71 

Ash. 

1.99 

3.91 

4.86 

8.21 

25.72 

33.62 

Indigotin;  by  sublimation. 

60.84 

57.50 

49.36 

41.60 

41.92 

39.56 

Indigotin;  volumetric,  by 
hyposulphite. 

68.78 

59.26 

55.66 

43.18 

42.52 

36.80 

Indigotin;  gravimetric,  by 

68.24 

58,84 

54.34 

44.50 

41.50 

34.50 

FeS04  and  NaHO. 
Indigotin;  gravimetric,  by 
hyposulphite  and  lime. 

68.97 1 

59.12 1 

56.20| 

43.42| 

42.68] 

35.21 1^ 

Indirubin;  separated  by  al- 

4.23] 

3.50j 

2.80  j 

3.65  j 

2.45] 

3.98] 

cohx)l. 

Indigotin   and  indirubin; 

76.18 

66.71 

62.66 

50.04 

47.15 

39.50 

titration    with  KMn04 

direct. 

Indigotin  and  indirubin; 

73.55 

63.50 

57.50 

44.90 

43.10 

37.40 

after  precipitation  with 

salt. 

Helen  Cooley  (Amer.  Jour.  Anal.  Chem.,  ii.  137)  gives  the 
following  figures  (among  others)  in  illustration  of  the  results 
yielded  by  different  processes  of  assaying  indigo. 


KURPAH. 

Bengal. 

Oude. 

Guatemala. 

Red. 

Blue. 

Red. 

Blue. 

Indigotin;  by  sublimation. 

45.40 

56.34 

55.99 

57.54 

62.58 

47.03 

Indigotin;     gravimetric,  by 

45.28 

55.21 

53.79 

57.06 

57.72 

47.10 

NallO  and  glu(!o.se. 

Indigotin;    volumetric,  Nor- 

45.48 

55.23 

53.13 

57.27 

51.53 

47.14 

ton's  process. 

Indigotin  and  indirubin;  pre- 

61.10 

60.89 

51.88 

cipitation  with  salt  and  titra- 

tion with  KMnOi. 
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In  criticising  these  results  (Amer.  Jour.  Anal.  Chem.,  ii.  368), 
C.  R  a  w  s  o  n  points  out  that  higher  figures  are  to  be  expected  by 
a  process  which  takes  cognizance  of  the  presence  of  indirubin  than 
by  one  which  is  unaffected  by  this  constituent  of  indigo,  and  he 
attributes  the  higher  results  obtained  by  the  permanganate  process 
at  least  in-  part  to  this  cause,  though  over-heating  with  sulphuric 
acid  may  also  have  contributed  to  the  result.  In  a  sample  of 
African  indigo  he  has  met  with  8  per  cent,  of  indirubin  and  32  of 
indigotin. 

The  assay  of  indigo  by  dyeing  swatches  of  cloth  under  specified 
conditions  is  useful  in  some  cases,  but  the  results  cannot  be  com- 
pared in  accuracy  or  delicacy  with  those  obtained  by  chemical 
methods;  and  on  assaying  a  series  of  samples  a  repetition  of  the 
test  will  very  frequently  fail  to  show  the  same  graduation  between 
them.  The  method  of  operating  is  to  mix  2  grammes  of  the 
sample  of  indigo  and  1  gramme  of  lime  into  a  paste  with  water, 
transfer  the  mixture  to  a  large  beaker,  add  1  gramme  of  zinc-dust, 
and  make  up  the  volume  to  600  c.c.  The  whole  is  then  heated  on 
the  water-bath  for  an  hour,  and  a  piece  of  white  calico  or  swatch  of 
cotton  yarn  of  known  weight  introduced.  It  is  then  removed, 
squeezed,  and  exposed  to  the  air  till  the  blue  color  is  fully  devel- 
oped, when  it  is  compared  with  similar  pieces  of  cotton  which 
have  been  dyed  by  pure  indigotin,  or  standard  indigotin,  in  pre- 
cisely the  same  manner. 

A  preferable  method  to  the  above  is  to  treat  0.5  gramme  of  the 
sample  with  6  grammes  of  strong  sulphuric  acid  at  85°  C.  for  an 
hour,  and  dilute  the  solution  to  1000  c.c.  10  c.c.  of  this  solution 
is  then  further  diluted  with  a  known  quantity  of  water,  and  used 
for  dyeing  5  grammes  of  white  wool.  About  .05  gramme  of 
sodium  sulphate  and  a  drop  or  two  of  sulphuric  acid  may  be  ad- 
vantageously added  to  the  bath  before  immersing  the  wool. 

A  colori metric  test,  based  on  the  depth  of  tint  of  the  sulphin- 
digotic  solution,  can  be  made  under  favorable  conditions,  but  is 
valueless  for  comparing  samples  of  indigo  containing  variable  pro- 
portions of  indigo-red  and  other  secondary  coloring  matters,  owing 
to  the  different  shade  which  the  solution  possesses  in  such  cases. 
C.  H.  Wolff  {Jour.  Soc.  Chem.  Ind.,  iii.  516)  has  proposed  to 
avoid  this  difficulty  by  observing  the  absorption-spectrum  of  the 
solution  (1  in  800,000).  H.  Coo  ley  states  that  the  method 
gives  fair  results  with  indigoes  of  high  qualities,  but  is  useless  for 
the  lower  grades. 
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J.  Brandt  {Rev.  gen.  des.  Mat.  Color.,  1897,  No.  2)  gives  a 
method  for  the  estimation  of  indigo  by  extracting  the  commercial 
sample  with  aniline  oil  in  a  Soxhlet  apparatus.  On  allowing  the 
aniline  to  cool  the  pure  indigo  crystallizes  out.  Water  and  hydro- 
chloric acid  are  added  and  the  indigo  filtered  on  a  tared  filter, 
washed  with  boiling  water,  and  then  with  cold  alcohol,  dried, 
and  weighed.  A  somewhat  similar  method  is  employed  by 
Schneider,  only  he  uses  naphthalene  as  a  solvent  instead  of 
aniline. 

G  e  e  1  a  n  d  also  proposes  a  similar  method,  using  nitrobenzene  as 
the  solvent,  while  B  r  y  1  i  n  s  k  i  uses  glacial  acetic  acid. 

F.  A.  Owen  (Jour.  Amer.  Chem.  Soc,  xiii.  32)  gives  a  method 
for  determining  indigotine  for  commercial  purposes.  A  sample  of 
the  indigo  is  finely  ground  in  a  mortar  with  water,  and  the  whole 
transferred  to  a  200  c.c.  flask.  3  grammes  of  zinc-dust  and  60  c.c. 
of  ammonia  (concentrated)  are  added,  the  flask  then  filled  up 
with  water  to  ^  c.c.  above  the  200  c.c.  mark  and  shaken.  From 
half  an  hour  to  2  hours  is  required  for  the  reduction,  during  which 
period  the  shaking  of  the  flask  is  continued  at  intervals.  When 
the  residue  is  complete  the  froth  will  subside  and  the  solution  will 
become  pale  yellow,  or  with  some  samples  which  contain  chloro- 
phyll or  other  non-reducible  green  coloring  matter,  greenish- 
yelloAV.  50  c.c.  of  the  solution  are  then  removed  by  a  pipette 
from  the  flask  to  a  beaker,  or  porcelain  dish,  5  or  6  drops  of  ether 
added,  and  the  whole  agitated  by  blowing  air  through  the  pipette. 
The  precipitated  indigotine  is  acidified  with  hydrochloric  acid, 
heated  to  boiling  and  collected  on  a  tared  filter-paper.  Finally  it 
is  dried  at  100°  C.  and  weighed.' 

G.  E  n  g  e  1  proposes  a  method  based  on  the  fact  that  indigo  can 
be  reduced  quantitatively  by  a  solution  of  vanadyl  sulphate.  The 
latter  is  prepared  in  the  following  manner:  10  grammes  of  ammo- 
nium vanadate  are  dissolved  in  100  grammes  of  sulphuric  acid  of 
66°  B. ,  with  the  aid  of  heat.  The  resultant  red  solution  is  poured 
into  two  litres  of  Avater  of  50°  C.  To  this  are  added  by  degrees 
50  grammes  of  zinc  powder  until  the  solution  shows  a  purplish- 
blue  color.    Filter  and  allow  to  cool. 

The  titration  is  performed  in  the  presence  of  a  current  of  carbon 
dioxide.  The  vanadyl  sulphate  solution  is  run  from  a  burette  into 
a  measured  solution  of  indigo  carmine  until  the  color  of  the  latter 
has  disappeared. 

^  The  indigotine  obtained  in  this  way  is  not  pure. 


INDIGO. 


405 


F.  U 1  z  e  r  recommends  the  following  method  for  the  commercial 
valuation  of  indigo:  A  solution  of  sodium  stannite  is  prepared  by 
the  addition  of  sodium  hydrate  to  10  c.c.  of  a  solution  of  stannous 
chloride  containing  88  grammes  of  the  crystalhzed  salt  per  litre. 
About  0.8  gramme  of  finely  powdered  indigo  is  mixed  with  this 
solution,  and  allowed  to  stand  with  occasional  agitation,  for  an 
hour,  to  effect  the  reduction  of  the  indigotine.  15  c.c.  of  hydrogen 
dioxide  solution  (10  vols.)  are  added,  and  the  whole  allowed  to 
stand  for  another  hour;  then  the  mixture  is  acidified  with  dilute 
sulphuric  acid,  heated  to  boiling  and  filtered  through  a  tared 
filter.  The  precipitate  after  being  washed  successively  with  boil- 
ing water,  dilute  caustic  potash,  and  hot  alcohol,  is  dried  at  100° 
C,  and  weighed.  It  is  then  ignited  and  the  weight  of  the  ash  de- 
ducted from  the  previous  weighing,  the  difference  giving  the 
amount  of  indigotine  present.  The  treatment  with  dilute  sulphonic 
acid  removes  from  the  indigo  indigo-glutin  and  similar  matters, 
that  with  potash  and  alcohol  the  indirubin  (indigo-red),  respect- 
ively. 

The  following  results  w^ere  obtained  by  this  method : —  - 


Indigotine 

Indirubin. 

Source. 

Per  Cent. 

Per  Cent. 

I. 

II. 

III. 

I. 

II. 

Indigotine  (prepared  by  Fritz- 

sche's  method). 
Bengal  indigo  (medium  qual- 

Benares  indigo  (native  manu- 
facture). 

Indigo  manufactured  by  am- 
monia process). 

99.64 
70.10 
69.01 
44.71 

70.01 
68.11 
45.29 

69.45 

2.29 
2.67 
1.49 

2.23 
1.73 

Detection  of  Indigo  on  the  Fibre.  The  coloring-matter  de- 
posit in  the  fibre  when  a  fabric  has  been  dyed  in  the  indigo-vat 
consists  essentially  of  indigotine,  but  when  soluble  indigo  has  been 
employed  the  dye  is  taken  up  in  the  form  of  mono-  or  di-indigotin- 
sulphonic  acid. 

Fibres  dyed  in  the  indigo-vat  are  unaffected  by  hydrochloric 
acid,  dilute  sulphuric  acid,  soda,  or  ammonia.    On  heating  with 
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an  acid  solution  of  stannous  chloride  the  fibre  becomes  paler,  and 
a  greenish-yellow  solution  is  formed.  Concentrated  sulphuric  acid 
gives  a  blue  solution,  and  boiling  absolute  alcohol  also  dissolves 
the  dye  with  blue  color,  the  solution  becoming  colorless  on  stand- 
ing, with  separation  of  indigotine.  Chloroform,  amylic  alcohol, 
glacial  acetic  acid,  phenol,  and  aniline  also  give  blue  solutions 
when  heated  with  indigo-dyed  fibres.^  On  carefully  heating  a 
fabric  which  has  been  dyed  in  the  indigo-vat,  it  gives  off  purple 
vapors,  which  can  be  condensed  on  the  cover  of  a  porcelain 
crucible  to  a  blue  spot. 

Indigo  is  now  frequently  used  in  admixture  with  other  coloring 
matters,  some  of  which  are  difficult  to  recognize  in  presence  of 
indigo.  W.  Lenz  {Jour,  Soc.  Dyers,  &c.,  iii.  127,  140,  150,  178) 
states  that  woolen  goods  (e.  g.,  yarn)  which  have  been  dyed  with 
vat-indigo  only  satisfy  the  following  conditions: — Water,  even 
when  hot,  should  not  extract  any  coloring  matter;  alcohol,  of  50 
and  95  per  cent,  strength  by  volume,  should  not,  as  a  rule,  extract 
any  coloring  matter  on  gently  warming;  oxalic  acid  solution  satu- 
rated cold,  cold  saturated  borax  solution,  10  per  cent,  alum  solu- 
tion, and  solution  of  ammonium  molybdate  in  two  parts  of  water 
should  none  of  them,  when  used  boiling,  extract  any  coloring 
matter  from  the  fibre;  and  the  borax  solution  should  not  be 
colored  red  by  hydrochloric  acid  (campeachy),  or  give  a  blue 
coloration  or  precipitate  on  subsequently  adding  ferric  chloride 
(prussian  blue).  On  the  other  hand,  the  blue  color  should  be 
completely  destroyed  on  warming  the  fibre  with  an  acid  solution 
of  stannous  chloride  or  ferric  chloride.  Glacial  acetic  acid  should 
entirely  remove  the  color  after  repeated  treatment,  and  on  treating 
the  solution  obtained  with  twice  its  measure  of  ether,  and  adding 
water  in  sufficient  quantity  to  cause  the  ether  to  separate,  the 
ethereal  layer  should  appear  distinctly,  but  not  very  intensely, 
blue,  while  a  deposit  of  indigotine  should  appear  at  the  junction  of 
the  two  layers.  The  lower  layer  should  be  colorless,  and  remain 
so  when  a  little  concentrated  hydrochloric  acid  is  poured  into  it 

*  Strong  nitric  acid  gives  a  yellow  spot  on  indigo-dyed  goods.  This  reaction  is 
employed  as  a  rough  practical  test  for  the  quality  of  indigo-dyed  goods.  The 
cloth  is  first  spotted  with  hydrochloric  acid,  which  will  produce  no  change  with 
indigo,  but  will  chnnge  logwood  dyes  to  red.  The  fabric  is  then  sjiotted  with 
nitric  acid,  which,  if  the  cloth  be  of  good  quality  and  indigo-dyed,  will  produce 
a  yellowish-red  stain,  surrounded  by  a  bluish-green  ring.  An  inferior  sample 
gives  a  red  stain  and  no  definite  ring. 
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through  the  ether.  On  boiling  the  fibre  with  concentrated  hydro- 
chloric acid,  no  sulphuretted  hydrogen  should  be  evolved;  and 
after  continued  boiling,  till  the  fibres  are  decomposed,  treatment 
of  the  solution  with  strong  caustic  soda  in  large  excess,  warming, 
and  adding  a  few  drops  of  chloroform,  no  odor  of  isonitril  should 
be  observable  (aniline  blues). 

Fibres  which  have  been  dyed  with  sulphonated  indigo  (indigo- 
carmine,  soluble  indigo)  give  a  greenish-blue  solution  when  treated 
with  hydrochloric  acid,  and  strong  sulphuric  acid  yields  a  blue 
solution.  Little  or  no  color  is  removed  in  alcohol.  Caustic  soda 
turns  the  fibre  greenish,  and  on  boiling  with  the  dilute  alkali  the 
dye  is  removed  without  the  solution  becoming  much  colored,  until 
it  is  acidulated,  when  it  becomes  blue.  Ammonia  behaves  simi- 
larly. The  color  is  also  removed  by  boiling  with  dilute  sodium 
carbonate,  and  silk  or  wool  may  be  dyed  blue  in  the  acidulated 
solution.  Heated  with  an  acid  solution  of  stannous  chloride,  the 
fibre  is  decolorized.  With  nitric  acid,  goods  dyed  wdth  sulpho- 
nated indigo  behave  like  those  dyed  in  the  indigo-vat.  When 
boiled  with  a  solution  of  borax  (saturated  in  the  cold),  goods  dyed 
with  indigo-carmine  are  decolorized,  while  if  dyed  with  vat-indigo 
the  color  is  not  affected.  Indigo-carmine  colors  the  borax  solution 
blue,  and  the  liquid  is  decolorized  when  warmed  with  stannous 
chloride  and  hydrochloric  acid.  Glacial  acetic  acid  does  not  re- 
move the  color  from  fibres  dyed  with  indigo-carmine. 

The  determination  of  the  amount  of  indigotin  fixed  on  fibres  is 
sometimes  of  interest,  since,  as  a  rule,  neither  the  quantity  of  in- 
digo contained  in  the  vat  nor  the  exact  quality  of  the  indigo  used 
is  know^n.  The  determination  may  be  effected  by  completely  ex- 
tracting the  fibre  wdth  glacial  acetic  acid,  precipitating  the  indigotin 
from  the  resultant  solution  by  addition  of  water,  and  either  at  once 
collecting  and  weighing  it  or  determining  it  by  one  of  the  processes 
used  for  the  assay  of  commercial  indigo.  In  some  cases  it  is  de- 
sirable to  remove  other  coloring  matters  from  the  fibre  by  treat- 
ment first  with  cold  hydrochloric  acid,  and  then  with  a  boiling 
solution  of  oxalic  acid  saturated  in  the  cold.  Sulphonated  indigo 
is  not  stripped  by  glacial  acetic  acid,  but  may  be  removed  from 
the  fibre  by  boiling  with  borax  solution  m  the  manner  already 
described. 

A.  Renard  (Jour.  Soc.  Dijers,  cix.,  iii.  4)  determines  the  indigo 
on  fabrics  by  a  direct  application  of  sodium  hyposulpliite  and  lime 
to  the  fibre.    He  treats  10  grammes  of  the  fibre  with  200  c.c.  of  a 
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solution  prepared  by  adding  2  litres  of  water  and  100  c.c.  of  milk 
of  lime  to  100  c.c.  of  neutral  sodium  hyposulphite  prepared  from 
bisulphite  solution  of  1.32  sp.  gravity.  The  liquid  is  heated  to 
60°  or  70°  C.  till  the  fibres  are  decolorized,  when  a  current  of  coal- 
gas  is  passed  through  the  flask  employed  and  the  contents  shaken 
till  every  trace  of  blue  has  disappeared,  when  the  liquid  is  decanted 
into  a  graduated  cylinder  without  interrupting  the  current  of  gas. 
After  cooling,  the  exact  volume  of  the  decanted  liquid  is  observed, 
excess  of  hydrochloric  acid  added,  and  the  precipitated  indigotine 
filtered  off  after  twelve  hours,  washed,  dried,  and  dissolved  in  sul- 
phuric acid,  the  resultant  solution  being  subsequently  titrated  with 
standard  hyposulphite,  as  described  on  p.  401.  Eenard  found  the 
amount  of  indigotine  fixed  on  cotton  fibre  to  range  from  1  to  3  per 
cent.  The  method  is  applicable  in  presence  of  aniline  blues,  and 
with  an  obvious  modification  would  serve  for  the  assay  of  fabrics 
dyed  with  sulphonated  indigo. 

To  distinguish  indigo-blue  from  indoin-blue  on  the  fibre,  the 
material  should  be  worked  in  a  strongly  alkaline  bath  of  soap  and 
soda;  indigo-blue  will  remain  unchanged,  but  indoin-blue  becomes 
greyish.  If  the  sample  is  passed  several  times  through  a  bath  of 
sulphuric  acid  at  1°  Be.,  rinsed,  and  dried,  indigo-blue  will  show 
no  change,  but  indoin-blue  will  acquire  a  reddish  tone. 

Coloring  Matters  from  Lichens. 

Several  kinds  of  lichens  acquire  a  violet  color  under  the  joint 
influence  of  ammonia  and  atmospheric  oxygen.  This  fact  depends 
on  the  presence  of  one  or  two  peculiar  principles,  and  was  known 
and  practically  utilized  long  before  it  received  a  satisfactory  expla- 
nation. 

The  coloring  matters  of  industrial  importance  obtained  from 
lichens  are  three  in  number,  namely: — Archil,  orseille,  or  orchil; 
cudbear,  known  on  the  Continent  as  perseo  ;  and  litmus  or  tournesol. 
The  two  principal  species  of  lichen  which  yield  archil  are  Rocella 
fuciformis,  which  furnishes  the  products  from  Lima,  Angola,  Zan- 
zibar, Ceylon,  and  Mozambique;  and  Rocella  tinctoria,  growing  in 
Cape  Verde  and  the  neighboring  islands.  Chili,  &c.  The  first 
species  contains  a  pecuhar  principle  called  ery  thrin,  convertible 
into  a  red  dye  by  the  united  action  of  air  and  ammonia;  while  the 
latter  contains,  in  addition,  a  chromogen  called  lecanoric  or 
orcellic  acid  and  its  homologue  evernic  acid.  Cudbear 
is  obtained  from  the  Swedish  lichen,  Lecanoria  tartarea. 
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The  value  of  the  various  lichens  or  "archil  weeds,"  from  which 
archil  and  the  allied  coloring  matters  are  prepared,  depends  on  the 
proportion  of  orcin  obtainable  from  them.  This  may  be  ascer- 
tained approximately  by  the  following  volumetric  process  devised 
by  S  t  e  n  h  o  u  s  e  : — 10  grammes  weight  of  the  finely  divided 
lichen  is  macerated  three  or  four  times  in  succession  with  a  dilute 
solution  (5  per  cent. )  of  caustic  soda,  each  treatment  being  only 
extended  to .  a  few  minutes'  duration.  The  strained  or  filtered 
solutions  are  then  mixed  and  titrated  with  a  standard  solution  of 
sodium  hypochlorite,  which  must  be  gradually  added.  Each  drop 
of  the  hypochlorite  produces  a  blood-red  coloration,  which  changes 
to  yellow  in  the  course  of  a  few  seconds.  The  addition  is  con- 
tinued cautiously  as  long  as  this  reaction  is  produced.  The  hypo- 
chlorite solution  must  be  freshly  prepared,  and  its  strength 
ascertained  by  titration  with  pure  orcin  or  a  lichen  of  known 
quality. 

S.  Reymann  has  proposed  to  assay  archil  weeds  for  orcin  by 
acidulating  the  solution  obtained  by  macerating  the  lichens  with 
caustic  soda  and  titrating  the  solution  with  a  hypobromite. 

Erythrin  or  Erythric  Acid,  C^qH^JJ^^,  may  be  prepared  from 
Eocella  fuciformis  by  macerating  the  lichen  in  the  cold  with  milk  of 
lime.  The  filtered  liquid  is  acidulated  with  hydrochloric  acid, 
when  the  erythrin  is  precipitated  as  a  hydrate  of  the  formula 
+  SH^O,  which  is  filtered  off  and  washed.  It  becomes 
anhydrous  at  100°  and  melts  at  137°  C.  Erythrin  in  nearly  in- 
soluble in  cold  water,  but  dissolves  in  240  parts  of  boiling  water, 
and  is  deposited  from  the  hot  solution  on  cooling  as  a  colorless 
crystalline  powder,  only  slightly  soluble  in  cold  alcohol  or  ether, 
but  more  soluble  in  hot  alcohol,  from  which  solvent  it  crystallizes 
in  stellate  groups  of  needles.  The  solution  gives  a  white  precipi- 
tate with  basic  lead  acetate,  but  none  with  the  neutral  acetate. 
With  ferric  chloride  it  gives  a  fine  purple  or  violet  coloration, 
changing  to  a  brownish -red  precipitate  with  excess  of  the  reagent. 
Erythrin  exhibits  the  characters  of  a  weak  acid,  dissolving  in  solu- 
tions of  caustic  and  carbonated  alkalies  and  of  the  alkaline  earths, 
from  which  solutions  it  is  throwai  down  as  a  bulky  white  precipi- 
tate on  addition  of  an  acid.  The  ammoniacal  solution  of  erj^thrin 
becomes  red  on  exposure  to  the  air. 

If  the  solution  of  erythrin  in  alkali  be  boiled,  decomposition 
ensues,  the  erythrin  splitting  up  into  p  i  c  r  o-e  r  y  t  h  r  i  n,  C^Jl^fi^^ 
and  orcellinic   acid,  CgHgO^,  while  on  further  treatment 
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the  picro-erythrin  is  decomposed  into  orcinol,  C^HgOj, 
erythrol,  CJI^qO^,  and  carbon  dioxide.  These  reactions 
establish  the  constitution  or  erythrin  as  the  di-orcinillic 
ether  of  erythrol,  and  that  of  picro-erythrin  as  the  m o n o- 
orcellinate  of  the  same  alcohol.  The  relationship  of  these 
and  allied  bodies  is  shown  by  the  following  formulae : ' — 


Picro-erythrin,  C^Ji^fi^,  is  only  slightly  soluble  in  cold  water, 
but  very  readily  in  hot,  and  on  cooling  the  solution  is  deposited  in 
silky' needles  or  shining  plates,  melting  at  158°  C,  and  having  at 
once  a  slightly  sweet  and  intensely  bitter  taste.  With  ammonia, 
ferric  chloride,  and  basic  and  neutral  lead  acetate  it  reacts  like 
erythrin.  Its  behavior  when  boiled  with  alkalies  has  already  been 
described. 

Lecanoric,  Orsellic,  or  Diorsellinic  Acid.  C^^H^p^.  This 
substance  bears  the  same  relation  to  urcellinic  acid  that  tannic  acid 
(digallic  acid)  bears  to  gallic  acid.  It  may  be  obtained  by  ex- 
tracting the  lichen  Rocella  tinctoria  with  ether,  evaporating  the 
solution,  treating  the  residue  with  milk  of  lime,  again  filtering, 
precipitating  the  filtrate  with  sulphuric  acid,  and  crystallizing  the 
precipitated  orcellic  acid  from  alcohol.    It  is  scarcely  soluble  in 

^  IT()ni()l()<?ncs  of  these  bodies  are  obtainable  from  certain  lichens.  Tims 
Ii  o  m  o  e  r  y  t  h  r  i  n,  CgiHg+Oio)  1''*^  hoen  found  in  a  stunted  specimen  of  Bocellia 
fmijormis.  Evernic  acid,  C,JT|(;0,,  occuring  in  Evernia  Prvmastri ;  and 
usnic  acid,  C^^l^^O-,,  and  barbatic  acid,  CiJI^qO^,  found  in  Usnea 
barbafa,  are  homologous  with  orsellic  acid,  and  split  up  in  a  similar  manner  when 
boiled  with  alkalies. 


Orcinol, 
Orcellinic  acid, 

Diorcellinic  acid. 


C,H,(CH3)(0H),.H 
C„H,(CH3)(0H),.C0.0H 


Picro-erythrin 


Erythrin, 


Erythrol, 
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cold  water,  and  requires  2500  parts  of  boiling  water  for  solution, 
but  dissolves  more  readily  in  alcohol  and  ether.  It  forms  pris- 
matic needles  containing  1  aqua^  which  become  anhydrous  at  100°, 
and  melt  at  153°  C.  with  decomposition  and  evolution  of  carbon 
dioxide.  The  alcoholic  solution  of  lecanoric  acid  gives  no  precipi- 
tate with  lead  acetate,  but  yields  with  cupric  acetate  a  pale  green 
precipitate  after  standing.  Ferric  chloride  produces  a  dark  purple- 
red  color,  and  ammonio-nitrate  of  silver  is  reduced  on  heating. 
When  boiled  with  water,  lecanoric  acid  undergoes  hydrolysis,  and 
is  converted  into  orcellinic  acid,  CgHgO^.  Boiled  with  alco- 
hol it  yields  ethyl  orcellinate  (pseudo-erythrin) . 

Orcellinic  Acid.  Dihydroxytoluic  Acid.  CgH2(CH3)(OH)2. 
COOH.  [COOH:OH:CH3:OH2  =1:2:4:5].  This  substance  results 
from  the  hydrolysis  of  lecanoric  acid  (see  above),  but  is  best  pre- 
pared by  heating  erythrin  on  the  water-bath  wdth  baryta-water, 
until  barium  carbonate  begins  to  separate.  When  a  sample  no 
longer  gives  a  gelatinous  precipitate  on  adding  hydrochloric  acid, 
the  liquid  is  acidulated,  when  orcellinic  acid  gradually  precipitates. 
It  can  be  crystallized  from  acetic  acid  or  dilute  alcohol  in  stellate 
masses,  which  contain  1  aqua^  become  anhydrous  at  100°,  and 
melt  wdth  partial  decomposition  at  176°  C.  Orcellinic  acid  is 
readily  soluble  in  water,  the  solution  gradually  decomposing  into 
orcinol  and  carbon  dioxide  when  boiled  alone  or  with  alkalies. 
It  is  colored  a  purple-violet  by  ferric  chloride,  and  yields  an  amor- 
phous precipitate  wdth  ammoniacal  acetate  of  lead. 

Orcellinic  acid  is  characterized  by  the  great  facility  with  which 
it  forms  ethers.  Thus  amyl  orcellinate  is  readily  formed 
by  boiling  erythrin  (erythryl  orcellinate)  wdth  aAiyl  alcohol,  and 
ethyl  orcellinate,  CgH^04(C2H5),  formerly  called  pseudo- 
erythrin,  is  always  obtained  when  lichens  containing  erj^thrin 
are  extracted  with  boiling  alcohol.  It  is  slightly  soluble  in  cold 
w^ater,  more  readily  in  hot  water  or  alcohol,  and  crystallizes  in 
small  needles  or  plates,  which  melt  at  132°.  The  aqueous  solu- 
tion is  precipitated  by  lead  acetate. 

Erythrol,  Erythrite,  or  Erythroglucin.  0^11^(011)^.  Tins 
eubstance,  which  has  the  constitution  of  a  tetratomic  alcohol,  is  a 
product  of  the  decomposition  of  picro-erythrin  by  alkalies,  and 
exists  ready  formed  in  the  Protococcns  vulgaris.  It  crystallizes  in 
colorless  dimetric  prisms,  fusing  at  120°  C.  It  is  readily  soluble 
in  water,  sparingly  in  alcohol,  and  insoluble  in  ether.  Erythrol 
has  a  slightly  sweet  taste,  is  optically  inactive,  and  does  not  reduce 
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Fehling's  solution.  When  distilled  with  excess  of  strong  hydrio- 
dic  acid,  it  yields  butyl  iodide,  C^Hgl.  By  treatment  with  a 
mixture  of  strong  nitric  and  sulphuric  acid,  it  is  converted  into 
tetranitro-erythrol,  C4Hg04(N02)4,  a  body  having  marked 
explosive  properties.  By  prolonged  treatment  with  nitric  acid, 
erythrol  is  converted  into  oxalic  acid,  no  mucic  acid  being  simul- 
taneously formed. 

Orcinol.  Orcin.  Dihydroxy-methylbenzene.  CgH3(CH3) 
(OH) 2"".  This  substance,  which  is  homologous  with  resorcinol, 
and  has  the  characters  of  a  diatomic  phenol,  occurs  in  a  free  state 
in  various  species  of  lichens,  and  is  a  decomposition-product  of 
the  various  acids  and  ethers  contained  in  or  prepared  from  these 
plants.  It  is  best  prepared  by  boiling  erythrin  (prepared  as  de- 
scribed on  page  409)  for  half  an  hour  with  a  slight  excess  of  milk 
of  lime,  in  an  apparatus  furnished  with  an  inverted  condenser, 
filtering,  passing  carbon  dioxide  through  the  filtrate,  and  evapor- 
ating the  solution  nearly  to  dryness.  On  agitating  the  concentrated 
liquid  with  hot  benzene  the  orcinol  is  taken  up,  and  can  be  ob- 
tained by  separating  and  evaporating  the  solvent,  while  the 
erythrol  remains  in  the  aqueous  layer.  Orcinol  may  also  be 
obtained  by  synthetical  means. 

Orcinol  forms  six-sided  monoclinic  prisms,  melting  at  58°,  and 
containing  C^Ufi^  +  H2O.  The  crystals  effloresce  gradually  over 
sulphuric  acid,  and  more  rapidly  when  heated  to  100°.  The 
anhydrous  substance  melts  at  about  107°,  and  dilutes  with  some 
decomposition  at  about  287°  under  atmospheric  pressure,  but  may 
be  obtained  pure  and  colorless  by  distillation  in  vacuo.  When 
pure,  orcin  is  colorless,  but  it  acquires  a  pale  reddish-brown  color 
on  exposure  to  air.  It  has  an  intensely  sweet,  but  unpleasant, 
astringent  taste.  Orcinol  is  extremely  soluble  in  hot  water,  but 
much  less  so  in  cold.  It  is  almost  completely  precipitated  in  fine 
needles  when  its  concentrated  solution  is  warmed  with  saturated 
brine.  Orcin  dissolves  readily  in  alcohol  and  ether,  but  less 
easily  in  hot  benzene.  The  crystals  deposited  from  the  ethereal 
solution  are  anhydrous.  It  is  neutral  in  reaction,  but  possesses 
marked  acid  properties.  It  readily  decomposes  sodium  carbonate, 
and  precipitates  silica  from  silicates. 

With  oxidizing  agents  orcinol  yields  oxalic  acid.  With  con- 
centrated sulphuric  acid  it  gives  a  sulphonic  acid.  When  treated 
with  a  solution  of  bleaching  powder,  orcin  yields  an  intense  purple- 
red  coloration,  which  rai)idly  changes  to  yellow.  The  most  minute 
trace  of  orcin  may  be  detected  by  this  reaction. 
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When  an  aqueous  solution  of  orcin  is  mixed  with  ammonia  and 
exposed  to  the  air  it  acquires  a  deep  purple  color,  owing  to  the 
formation  of  a  body  called  orcein,  identical  with  the  coloring 
matter  of  archil.  If  carbonate  of  sodium  or  potassium  be  also 
present,  a  blue  coloring  matter  is  formed  which  is  identical  with 
that  contained  in  litmus. 

If  an  alkaline  solution  of  orcinol  be  heated  with  a  little  chloro- 
form, it  becomes  first  purple-red  and  then  bright  red,  and  on 
dilution  with  water  exhibits  an  intense  greenish-yellow  fluorescence, 
from  the  formation  or  homofluorescein,  CggHjgO^.  This  reaction, 
first  observed  by  Schwartz  {Berichte,  xiii.  543),  is  so  delicate 
that  the  compounds  which  yield  orcinol  on  treatment  with  alkalies 
can  readily  be  detected  by  this  means  in  the  lichens  containing 
them,  by  simply  boiling  a  few  pieces  of  the  plant  with  a  5  per 
cent,  solution  of  caustic  potash,  adding  a  little  chloroform  to  the 
clear  liquid,  then  warming  the  solution  for  ten  minutes  more,  and 
diluting  it  with  water. 

An  aqueous  solution  of  orcinol  is  not  precipitated  by  mercuric 
chloride,  lead  acetate,  cupric  sulphate,  tannin,  or  gelatin.  With 
basic  acetate  of  lead  it  yields  a  white  precipitate,  and  with  ferric 
chloride  a  violet-black  coloration  or  red  precipitate. 

On  addition  of  bromine- water  to  orcinol  in  aqueous  solution, 
tribrom  orcinol,  C^JJfirfi^,  is  formed,  and  the  reaction  has 
been  recommended  by  R  e  y  m  a  n  n  for  the  quantitative  determina- 
tion of  orcin  and  the  assay  of  archil  weeds.  The  process  is  carried 
out  exactly  like  the  volumetric  determination  of  phenol  by  bromi- 
nation. 

Orcein  is  the  product  of  the  action  of  ammonia  and  oxygen  on 
orcinol.  L  i  e  b  e  r  m  a  n  n  states  that  two  compounds  may  be  thus 
formed,  containing  respectively  Cj^Hj^NOg  and  'Cj^H^gNgOg.  The 
latter  substance  is  the  chief  product  when  the  ammonia  is  in  ex- 
cess, and  is  less  soluble  in  alcohol  and  ammonia  than  the  former 
compound.  Both  bodies  form  brown  amorphous  masses,  having  a 
beetle-green  lustre.  Orcein  i's  somewhat  soluble  in  water  with  red 
color,  but  is  reprecipitated  from  its  solution  by  neutral  salts  of 
the  alkali-metals.  In  ether  it  is  insoluble,  but  dissolves  readily  in 
alcohol,  yielding  a  scarlet  solution.  In  fixed  alkalies  and  ammonia 
orcein  dissolves  with  formation  of  splendid  purplish-violet  solu. 
tions. 

Archil,  Orchil,  or  Orseille  is  the  commercial  coloring  matter 
from  Rocella  tinctoria  and  R.  faciformis.    It  is  usually  prepared 
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by  treating  the  finely  chopped  hchens  with  dihite  ammonia,  and 
keeping  the  mixture  at  about  20°  C.  till  a  dark  violet  paste  has 
been  formed.  This  when  diluted  with  ammonia  and  filtered 
through  a  press  yields  blue  archil,  while  on  gently  heating  this  till 
the  ammonia  is  removed  red  archil  is  obtained.  French  purple  is 
a  lake  obtained  by  precipitating  the  ammoniacal  liquid  obtained  as 
above  with  calcium  chloride.  In  using  it,  the  coloring  matter  is 
treated  with  oxalic  acid  and  boiled  with  water.  The  filtered 
liquid,  when  rendered  slightly  ammoniacal,  dyes  silk  and  wool  a 
fine  purple  color. 

Archil  has  lost  much  of  its  importance  since  the  introduction  of 
the  coal-tar  dyes,  and  is  now  chiefly  used  in  combination  with 
other  coloring  matters  to  obtain  certain  shades  of  brown,  and  for 
the  production  of  a  cheap  blue  on  wool,  the  material  being  first 
lightly  grounded  with  indigo  and  then  passed  through  a  bath  of 
archil,  when  it  is  dyed  a  rich  purple  hue,  similar  to  that  produced 
by  indigo  alone. 

Archil  occurs  in  commerce  in  two  forms,  paste  and  liquor.  The 
solid  matter  consists  essentially  of  the  impure  orcein  in  combina- 
tion with  ammonia.  Archil  varies  greatly  in  quality,  owing  to 
differences  in  the  weed  employed,  the  care  used  in  the  manufacture, 
and  the  presence  or  absence  of  impurities.  In  some  cases  it  con- 
tains an  immoderate  excess  of  ammonia,  and  in  others  the  propor- 
tion of  solid  matter  is  abnormally  low.  This  can  be  readily 
ascertained  by  drying  a  known  weight  of  the  sample  at  100°. 
Occasionally  the  solid  matter  in  archil  paste  is  as  low  as  20  per 
cent.  Spent  weeds,  from  the  manufacture  of  archil  liquor,  are 
sometimes  added  to  the  paste. 

Archil  liquors  range  in  specific  gravity  from  1.040  to  1.080,  or 
even  to  1.100,  but  the  density  is  no  accurate  indication  of  the 
dyeing  power,  which  is  best  ascertained  by  a  practical  dyeing  test 
on  wool. 

Archil  paste  is  sometimes  adulterated  with  other  vegetable 
coloring  matters.  To  detect  these,  J.  W.  Slater  recommends 
that  3  or  4  grammes  of  the  sample  should  be  treated  with  100  c.c. 
of  water,  and  50  drops  of  a  solution  of  stannous  chloride  in  twice 
its  weight  of  water  added.  On  boiling  the  liquid,  a  yellowish 
color  only  will  remain  if  the  archil  be  pure,  but  3  to  4  per  cent, 
of  logwood  liquor  will  yield  a  greyish-blue,  and  the  color  will  be 
reddish  if  peach-wood,  sapan-wood,  or  other  red  wood  has  been 
added  as  an  adulterant. 
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Archil  is  decolorized  by  reducing  agents,  but  the  color  returns 
on  exposing  the  reduced  Hquid  to  the  air.  Its  other  reactions  and 
the  methods  of  detecting  it  will  be  gathered  from  the  description 
of  the  methods  of  detecting  it  in  wine  (see  previous  volume),  and 
from  the  following  processes  of  examining  the  commercial  sub- 
stance for  adulterants. 

Archil  is  now  frequently  adulterated  with  aniline  dyes,  especi- 
ally magenta,  acid  magenta,  and  methyl  violet. 

H.  Crossley  {Jour.  Soc.  Dyers,  &c.,  ii.,  23)  determines  basic 
magenta  in  archil  by  diluting  the  sample,  if  necessary,  with  hot 
water,  filtering,  and  evaporating  the  filtrate  to  dryness  at  100°.' 

The  residue  is  reduced  to  powder,  and  a  weighed  portion  is 
digested  with  strong  ammonia,  which  dissolves  the  orcein  and 
leaves  the  magenta  base.  The  solution  is  filtered,  and  the  residue 
is  washed  with  ammonia  till  no  more  coloring  matter  is  removed, 
when  it  is  dried  at  100°  and  weighed.  It  should  be  proved  to  be 
magenta  by  dissolving  it  in  dilute  acetic  acid  and  applying  the 
ordinary  tests  (page  278).  Another  method  for  the  detection  of 
magenta  consists  in  treating  the  residue  obtained  by  evaporating 
the  filtered  solution  of  the  sample  on  filter-paper  with  two  or  three 
drops  of  benzoic  aldehyde  or  aniline  oil,  when  the  magenta  will 
dissolve  and  color  the  paper  crimson.  A  faint  pink  tint  is  obtained 
with  pure  archil  after  a  few  minutes,  but  this  is  not  readily  mis- 
taken for  the  immediate  and  strong  coloration  given  by  magenta. 

For  the  detection  of  magenta  or  methyl-violet  in  proportions 
greater  than  1  per  cent.,  E.  Knecht  (Jour.  Soc.  Dyers,  &c.,  ii., 
58)  employs  cotton  yarn  dyed  with  chrysamine.  This  does  not 
take  up  the  coloring  matter  of  archil,  but  is  dyed  red  by  magenta, 
and  brownish-red  by  methyl-violet.  For  the  determination  of 
magenta  in  archil,  Knecht  evaporates  the  filtered  liquid  to  dryness, 
extracts  the  residue  with  alcohol,  filters,  and  evaporates  the  filtrate. 
This  second  residue  is  heated  for  about  a  minute  with  caustic  soda, 
and  the  insoluble  portion  allowed  to  settle.  After  standing  a  few 
minutes  the  liquid  is  decanted,  and  the  residue  treated  with  a  more 
dilute  soda  solution;  the  process  is  repeated  as  long  as  the  liquid 
takes  up  coloring  matter.  The  residue  is  then  washed  with  water 
and  weighed.  On  subsequently  treating  it  with  hydrochloric  acid, 
it  will  dissolve  with  magenta  or  violet  color,  according  to  its  origin. 
Safranine  and  the  azo-dyes  cannot  be  detected  in  this  manner. 

*T.  Fairl  ey  {Jour.  Soc.  Chem.  Ind.,  v.  286)  treats  archil  paste  at  once  with 
strong  ammonia,  repeating  the  process  till  all  the  orcein  is  removed. 
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Liebmann  and  S  t u d e r  {Jour.  Soc.  Chem.  Ind. ,  v.  287)  test 
archil  for  magenta  by  saturating  the  largely  diluted  solution  with 
sulphurous  acid,  when  most  of  the  orcein  is  precipitated.  On 
adding  acetone  to  the  filtered  solution,  genuine  archil  does  not 
show  any  change  of  color,  but  if  either  basic  or  sulphonated 
magenta  be  present  the  liquid  changes  in  a  few  minutes  to  violet. 
One-tenth  per  cent,  of  magenta  in  archil  gives  a  strong  coloration. 
If  the  liquid  which  w^as  saturated  with  sulphurous  acid  be  boiled, 
filtered,  and  a  piece  of  cotton,  mordanted  with  tannin  and  tartar- 
emetic,  immersed  in  the  filtrate,  only  magenta  wall  be  fixed  on  the 
fibre,  and  whether  it  be  the  acid  or  basic  kind  can  be  ascertained 
as  described  on  page  278. 

C.  Rawson  {Chem.  Ncivs,  Ivii.  165)  objects  to  the  foregoing 
methods  on  the  ground  of  want  of  delicacy,  and  recommends  that 
an  amount  of  archil  paste  or  liquor  containing  1  or  2  grammes  of 
solid  matter  should  be  boiled  with  50  c.c.  of  alcohol,  and  the 
solution  diluted  with  100  c.c.  of  water.  From  15  to  20  c.c. 
measure  of  a  solution  of  basic  acetate  of  lead,  of  1.25  sp.  gr.,  is 
next  added,  and  this  is  followed  after  stirring  by  a  similar  quantity 
of  strong  ammonia.  With  pure  archil,  the  filtered  liquid  will  be 
quite  colorless,  but  if  magenta  be  present  it  may  either  be  color- 
less or  pink,  according  to  the  amount  of  ammonia  present  in  the 
solution;  but  in  either  case,  on  acidulating  the  liquid  the  charac- 
teristic color  of  magenta  wdll  be  at  once  developed,  no  change 
occurring  with  pure  archil.  By  a  colorimetric  test,  using  for  com- 
parison an  aqueous  solution  of  magenta  containing  0.001  gramme 
per  100  c.c.  and  acidulated  with  acetic  acid,  the  proportion  of 
magenta  present  may  be  determined,  but  in  this  case  the  lead  pre- 
cipitate must  be  washed  with  a  mixture  of  5  parts  of  alcohol,  10 
of  water,  and  1  of  strong  ammonia. 

The  foregoing  test  also  serves  for  the  detection  of  safranine  and 
methyl-violet.  On  adding  acetic  acid  to  the  ammoniacal  filtrate, 
the  liquid  becomes  bluish-violet,  if  the  latter  dye  be  present. 
Strong  ammonia  decolorizes  methyl-violet  and  magenta,  but 
scarcely  affects  the  color  of  a  solution  of  safranine,  while  strong 
hydrochloric  acid  changes  the  latter  to  blue,  and  turns  solutions  of 
magenta  and  methyl-violet  yellow. 

F.  Breinl  has  pointed  out  (Jour.  Soc.  Dyers,  &c.,  iv.  40)  that 
various  azo-dyes,  producing  colors  ranging  from  crimson  to  claret- 
red,  are  now  in  the  market,  under  such  names  as  orchil  extract, 
orchil-red,  orselline,  &c.,  being  intended  as  actual  substitutes  for 
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archil  and  cudbear,  and,  being  cheaper  than  magenta,  are  more 
likely  to  be  used  for  the  adulteration  of  those  coloring  matters. 
Breinl  gives  a  very  complete  list  of  such  coal-tar  colors,  and  a  table 
of  reactions  b}^  which  they  may  be  recognized.  He  divides  them 
into  three  groups,  according  to  their  behavior  with  common  salt, 
and  with  basic  acetate  of  lead  (sp.  gr.  1.25)  in  presence  of  25  per 
cent,  of  alcohol.  Thus,  on  saturating  the  aqueous  solution  of  the 
sample  with  common  salt,  the  following  coal-tar  dyes  are  com- 
pletely precipitated  :  Orsellin  BB  and  orchil  red  B  (Bayer  &  Co.), 
orchil  red  A  (Bad.  Anilin  und  Soda  F.),  cloth  reds  B  and  G 
(Oehler),  Bordeaux  G,  BX,  and  Extra  (Bayer),  Bordeaux  B 
(Actien  Ges.  fiir  Anilin  Fab.),  fast  reds  A  and  B  (Bad.  Anilin  und 
S.  F. ).  The  following  colors  are  almost  completely  salted  out  by 
similar  treatment: — Azorubin  S  and  orchil  red  G  (Actien  Ges.  fiir 
Anilin  Fab.),  amaranth,  carmoisin  B  (Bayer),  magenta,  basic 
coloring  matters  from  magenta  residues,  and  safranine.  On  the 
other  hand,  acid  magenta  and  other  acid  coloring  matters  from 
magenta-residues,  orselline  R  and  B  (Hochst  Color-works),  and 
red-violet  NRS.  (Bad.  Anil,  und  S.  F. )  are  not  precipitated  by 
common  salt,  A  filtered  extract  of  archil  gives  a  slight  precipitate 
with  salt,  which  redissolves  when  washed  with  brine.  The  coal- 
tar  dyes  which  are  not  completely  or  partially  precipitated  by  sat- 
urating their  solutions  with  common  salt  may  be  distinguished 
from  archil  by  boiling  with  a  solution  made  by  dissolving  10 
grammes  of  crystallized  stannous  chloride  in  a  mixture  of  25  c.c. 
of  concentrated  hydrochloric  acid  and  50  c.c.  of  water.  When 
thus  treated,  a  filtered  solution  of  orchil  or  cudbear  is  decolorized 
or  turned  light  brown;  while  acid  magenta,  acid  coloring  matters 
from  magenta-residues,  and  red-violet  NRS,  acquire  a  darker  and 
more  bluish  coloration,  and  orselline  R  and  B  an  intense  bluish- 
violet  coloration.  These  coloring  matters  again  are  only  partially 
precipitated  when  a  solution  containing  25  per  cent,  by  measure 
of  absolute  alcohol  is  treated  with  basic  lead  acetate;  whereas 
archil  is  completely  precipitated  under  these  conditions,  and  the 
other  coal-tar  dyes  already  mentioned  are  not  precipitated  at  all. 
By  these  reactions  it  is  always  possible  to  establish  the  presence 
of  a  coal-tar  dye,  even  if  it  be  not  possible  to  identify  it  with 
certainty. 

An  admixture  of  brazil-wood,  barwood,  or  logwood  with  orchil 
or  cudbear  may  be  detected  by  immersing  cotton,  mordanted  with 
iron  or  aluminium,  in  the  hot  dilute  solution  of  the  suspected 
27 
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sample.^  After  half  an  hour's  treatment  the  cloth  is  removed, 
and  washed  with  warm  soap  solution.  The  orchil  or  cudbear 
will  produce  at  most  a  faint  pink  color  on  the  mordanted  cotton, 
and  this  will  be  removed  by  boiling  the  cotton  for  a  few  minutes 
with  alcohol,  while  if  logwood  be  present,  cotton  mordants  with 
iron  will  be  dyed  bluish-gray  or  black,  and  if  mordanted  with 
alumina  salts  bluish-violet.  Brazil-wood  will  dye  the  iron  mor- 
dant blackish-brown,  and  the  alumina  mordant  red. 

Cudbear,  called  on  the  Continent  Perseo,  is  obtained  by  the 
action  of  ammonia  or  urine  on  various  kinds  of  lichens,  especially 
Lecanoria  tinctoria  and  Variolaria  orcina^  and  hence  in  its  origin 
and  properties  is  very  similar  to  archil,  from  which  it  differs 
mainly  in  being  free  from  all  excess  of  ammonia  and  moisture,  and 
in  being  reduced  to  a  fine  powder.  It  often  contains  a  consider- 
able proportion  of  mineral  matter,  usually  common  salt,  which  is 
sometimes  added  as  an  adulterant,  but  in  other  cases  to  reduce  an 
unusually  rich  article  to  a  uniform  standard  of  quality.  Genuine 
cudbear  leaves  from  5  to  12  per  cent,  of  ash.  Cudbear  is  liable  to 
much  the  same  organic  sophistications  as  archil,  and  if  it  be  boiled 
with  water  the  filtered  solution  may  be  examined  by  the  same 
methods. 

C.  Raw  son  {Jour,  Soc.  Dyers,  &c.,  iv.  69)  detects  azo-dj^es  in 
cudbear  by  sprinkling  a  little  of  the  sample  on  some  concentrated 
sulphuric  acid,  when  the  formation  of  a  streak  of  characteristic 
colors — green,  blue,  violet,  etc. — often  affords  valuable  assistance. 
To  obtain  further  evidence  of  the  presence  of  azo-coloring  matters, 
he  recommends  that  5  to  10  grammes  of  worsted  yarn  should  be 
dyed  for  an  hour  with  about  10  per  cent,  of  its  weight  in  cudbear 
in  a  bath  rendered  faintly  alkaline  with  ammonia.  A  fresh 
quantity  of  yarn  is  similarly  dyed  in  the  partially  exhausted  bath, 
whereby  the  greater  part  of  the  orcein  is  removed  from  the  solu- 
tion. Sulphuric  acid,  equal  to  3  per  cent,  of  the  weight  of  the 
yarn,  is  now  added,  and  a  third  quantity  of  worsted  yarn  intro- 
duced. The  azo-red  is  now  deposited  on  the  wool  in  a  form 
sufficiently  pure  to  allow  of  its  subsequent  identification.  It  is 
desirable,  though  not  directly  necessary,  to  treat  a  genuine  sample 
of  cudbear  side  by  side  with  the  sample. 

Litmus,  or  tournesol,  is  prepared  from  various  species  of  Rocella, 

^  As  the  coloring  matter  of  barwood  is  not  readily  extracted  by  water,  it  is  best 
to  boil  2  grammes  of  the  suspected  cudbear  for  10  minutes  with  50  c.c.  of  alcohol, 
and  then  dilute  the  solution  with  water  to  200  c.c. 
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Variolaria,  and  Lecanoria  by  allowing  them  to  ferment  in  presence 
of  ammonia,  as  in  the  manufacture  of  archil,  except  that  in  the 
case  of  litmus  potassium  carbonate  is  likewise  added.  When  the 
mass  has  become  violet,  stale  urine,  lime,  and  potash  are  added, 
and  the  mass  is  again  allowed  to  ferment  until  it  assumes  a  blue 
color,  when  it  is  mixed  with  chalk  or  gypsum  and  a  little  indigo, 
and  made  up  into  small  tablets. 

On  extracting  litmus  with  cold  alcohol,  a  red  coloring  matter  is 
obtained,  which  is  unaffected  by  acids,  and  yields  litmus-blue 
and  another  substance  on  treatment  with  water.  On  evaporating 
this  solution,  and  treating  the  residue  with  absolute  alcohol  and  a 
little  acetic  acid,  a  scarlet  coloring  matter  is  removed,  which  is 
changed  to  purple  by  ammonia,  while  the  pure  litmus-blue  re- 
mains behind  as  a  brown  powder,  soluble  in  water  to  a  reddish- 
brown  solution,  which  is  turned  blue  by  the  slightest  trace  of  an 
alkali. 

AzoUtmin,  C^H^NO^,  the  characteristic  coloring  matter  of  litmus, 
may  be  obtained  in  a  state  of  purity,  according  to  D  e  L  u  3^  n  e  s, 
by  digesting  1  part  of  orcinol  with  1  of  strong  ammonia,  25  of 
crystallized  sodium  carbonate,  and  5  of  water,  at  60°-80°  C.  for 
four  or  five  days  in  a  closed  vessel.  A  blue  liquid  is  thus  obtained, 
w^hich  is  diluted  with  water  and  slightly  acidulated  with  hydro- 
chloric acid,  when  a  precipitate  is  formed,  which,  after  being 
washed  and  dried,  is  regarded  as  pure  azolitmin.^  So  obtained, 
azolitmin  is  a  reddish- brown  powder,  but  slightly  soluble  in  water 
and  insoluble  in  alcohol  and  ether.  Azolitmin  appears  to  have  the 
characters  of  a  weak  acid,  the  salts  of  which  are  blue,  and  the  po- 
tassium compound  of  w^hich  exists  in  litmus. 

Litmus  exhibits  a  very  characteristic  absorption-spectrum. 
Ether  extracts  it  from  an  acid  solution,  and  forms  a  yellow  liquid, 
which  absorbs  the  more  refrangible  end  of  the  spectrum  to  a  point 
midway  between  D  and  E.  On  adding  a  drop  of  ammonia  to  the 
ethereal  solution  the  liquid  becomes  blue,  and  an  absorption-band 
is  formed,  which  commences  at  d,  where  it  is  extremely  black,  and 

^  Kane  prepares  azolitmin  by  exhausting  powdered  litmus  -with  water,  mixing 
with  clean  fine  sand  and  evaporating  on  a  water-bath.  Sufficient  hydrochloric 
acid  is  added  to  give  a  red  solution  after  the  carbon  dioxide  has  been  driven  off, 
and  the  evaporation  is  continued  to  dryness.  The  residue  is  washed  with  water 
and  again  evaporated  on  a  water-bath,  after  which  the  sand  is  freed  from  its  coat- 
ing of  pure  azolitmin  by  treatment  with  weak  ammonia,  and  the  azolitmin  is  fin- 
ally obtained  from  its  solution  by  precipitation  with  sulphuric  acid. 
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gradually  diminishes  to  E.  On  shaking  the  ethereal  solution  with 
ammoniacal  water,  the  coloring  matter  passes  into  the  aqueous 
liquid,  and  the  blue  solution  shows  a  well-marked  absorption-band 
at  D.  Addition  of  acid  now  changes  the  color  to  red,  and  the 
band  at  D  disappears,  the  spectrum  of  the  acidified  liquid  resemb- 
ling that  of  oe  n  o  1  i  n,  the  coloring  matter  of  red  wine. 

Litmus  is  not  employed  in  dyeing  or  calico-printing,  but  is  used 
for  coloring  wine  and  vinegar,  and  in  the  laboratory  is  well  known 
as  an  indicator  of  neutrality.  Its  indications  are  fairly  delicate; 
but  the  habit  of  regarding  litmus  as  an  infallible  guide  to  neutrality 
has  seriously  retarded  progress  in  several  directions.  ^  Of  late  years 
this  fact  has  been  more  generally  recognized,  and  a  number  of 
other  indicators  have  been  proposed.  Of  these,  two — namely, 
helianthin  or  methyl-orange  (page  158)  and  phenolphthalein  (page 
313) — deserve  the  fullest  confidence,  and  one  or  other  of  them  can 
be  employed  advantageously  in  place  of  litmus  in  a  large  number 
of  cases. 

In  the  following  table,  by  R.  T.  Thomson  (Joiirn.  Soc.  Chem. 
Ind.,  vi.  198),  is  given  an  epitome  of  the  indications  yielded  by 
litmus,  as  compared  with  those  given  by  phenolphthalein  and 
methyl-orange  (which  last  is  affected  by  strong  acids  only).  The 
figures  represent  the  number  of  atoms  of  hydrogen  displaced  by 
sodium  or  potassium  in  the  form  of  caustic  alkali,  when  a  com- 
pound is  formed  having  a  neutral  reaction  to  the  indicator  in 
question.  Thus,  when  methyl-orange  is  used  in  the  titration  of 
sulphurous  acid  the  neutral  point  is  reached  when  the  alkali  has 
been  added  in  quantity  sufficient  to  form  the  compound  NaHSOg; 
but  w^hen  phenolphthalein  is  used  the  point  of  neutrality  corres- 
ponds to  the  formation  of  the  salt  Na^SOg.  By  a  combined  use  of 
the  two  indicators  valuable  volumetric  determinations  can  be 
effected.  In  employing  phenolphthalein  as  an  indicator,  it  must 
be  remembered  that  the  results  are  vitiated  by  the  presence  of  am- 
monium salts.  In  other  cases,  when  a  blank  space  appears  in  the 
table,  it  is  meant  that  the  end-reaction  is  obscure,  and  not  to  be 
depended  on. 

The  table  shows  the  basicity  of  acids  with  different  indicators, 
when  titrated  in  aqueous  solution  with  fixed  caustic  alkali. 

*  Litmus  is  still  employed  for  the  titration  of  lime  and  lemon  juice,  a  purpose 
for  which,  in  the  opinion  of  the  autlior,  it  is  very  ill-suited,  especially  if  sodium 
caibonate  be  used  for  the  neutralization  (see  Analyst,  xiv.  25,  80). 
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Acids. 

METHYL 

Orange. 

Phenolphthalein. 

1 

Litmus. 

Name. 

Formula. 

Cold. 

Cold. 

Boiling. 

Cold. 

Boiling. 

Sulphuric  .... 

H2SO4 

2 

2 

2 

2 



2 

Hydrochloric   '  .  . 

nci 

1 

1 

1 

1 

1 

Nitric   .  .... 

HNO3 

1 

1 

1 

1 

1 

Thiosulphuric  .  .  . 

H2S2O3 

2 

2 

2 

2 

2 

Carbonic  

H2CO3 

0 

{  dilute  } 

0 

0 

Sulphurous  .... 

H.SOa 

1 

2 

Hydrosu]  phuric 

HgS 

0 

\  dilute  J 

0 

0 

Phosphoric  .... 

HgPO^ 

1 

2 

Arsenic  ..... 

H3ASO4 

1 

2 

H3ASO3 

0 

'0' 

'0' 

Nitrous  

HNO2 

f  indicator  ) 
(destroyed  j 

1 

1 

H^SiO^ 

0 

0 

0 

H3BO3 

0 

Chromic  

HoCrO^ 

1 

'2 

HX'^O^ 

2 

'2 

'2 

'2" 

HC2H3O2 

1 

nearly 

HC^H.O^ 

1 

r  1  1 

nearly 

\ 

Succinic  

H2C4H4O4 

2 

nearly  ^ 

Lactic  

HC3H,03 

1 

1 

Tartaric  

H^CH^Oe 

2 

2 

H3C6H5O7 

3 

It  will  be  seen  that  all  indicators  behave  alike  on  titrating  strong 
mineral  acids  with  fixed  caustic  alkali ;  in  the  titration  of  a  weak 
acid  with  a  strong  base  they  differ,  methyl-orange  being  most 
sensitive  to  alkalies  and  phenolphthalein  to  acids,  while  litmus 
occupies  an  intermediate  place.  Speaking  generally,  lacmoid 
(page  419),  dimethylamido-azobenzene  (page  147), 
cochineal,  and  con  go-red  (page  222)  behave  like  methyl- 
orange,  while  turmeric  behaves  like  phenolphthalein.^  P h  e n- 
acetolin  and  rosolic  acid  (page  310)  usually  react  like 
litmus,  except  that  in  the  latter  case  a  sharp  neutrality-point  is 
obtained  in  titrating  sulphurous  acid  when  the  salt  Na^SOg  is 
obtained. 

Litmus  gives  a  deep  blue  color  with  alkalies  and  a  red  with 
acids;  alkaline  carbonates  also  produce  a  blue  color.  As  litmus  is 
sensitive  to  carbonic  acid  and  hydrogen  sulphide  (hj^drosulphuric 
acid),  Avhen  carbonates  or  sulphides  are  titrated  in  its  presence,  the 
carbonic  acid  and  hydrogen  sulphide  gases  which  are  liberated 

^Thus  saliva  and  milk  are  neutral  to  litmus  paper,  strongly  alkaline  to  lacmoid 
or  congo-red,  and  acid  to  turmeric  paper.  Litmus  is  also  useful  for  estimating  the 
acidity  of  urine. 
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must  be  driven  off  by  boiling  before  the  end  reaction  is  taken. 
Litmus  is  a  good  indicator  for  titrating  the  acids  present  in  the 
normal  salts  of  such  alkaloids  as  quinine,  strychnine,  morphine, 
narceine,  and  papaverine,  since  these  are  neutral  to  litmus.  The 
alkaloids  of  caffeine,  narcotine,  and  thiobromine  are  also  neutral 
to  litmus,  but  their  salts  act  like  a  corresponding  amount  of  the 
free  acid.  Aniline,  toluidine  and  quinoline,  exhibit  a  neutral  re- 
action toward  litmus,  and  hence  cannot  be  titrated  by  it.^ 

Red  Dyes  from  Woods,  &c. 

A  number  of  red  coloring  matters  of  vegetable  origin  are,  or 
have  been,  used  in  dyeing.  Thus,  madder  is  the  root  of  Ruhia 
tinctorum,  a  herbaceous  plant.    Its  cultivation  is  almost  obsolete, 


Commercial 
Name. 

Botanical 
Origin. 

Geographical 
Origin.  . 

Coloring  Principle. 

Name. 

Formula. 

Madder. 

Root  of  Eubia  tinc- 
torum. 

Turkey,  France, 
Holland. 

Alizarin. 
Purpurin. 

C14H8O4 
C14H8O5 

Logwood  or  Cam- 
peachy  wood. 

Wood  of  Hsematox- 
ylon  campechia- 
num. 

West  Indies,  Mex- 
ico, South  Amer- 
ica. 

Hsematoxylin. 
Hsematein. 

Ci6H,,0e 
CieH.^Oe 

Brazil  wood;  Per- 
nambuco  wood. 

Wood  of  Csesalpinia 
Brasiliensis  and 
C.  Crista. 

Brazil,  Pernam- 
buco,  Jamaica. 

Brazilin. 

CeH^.O, 

Peach  wood. 

Wood  of  Csesalpinia 
echinata. 

Nicaragua,  Sierra 
Nevada. 

Brazilin. 

CeH.^Os 

Sapan  wood. 

Wood  of  Csesalpinia 
sapan. 

Siam,  Japan,  East 
Indies,  &c. 

Brazilin. 

CeHi^Os 

Sandal,  Santal,  or 
Sanders  wood. 

Wood  of  Pterocar- 
pus  santalinus. 

East  Indies,  Cey- 
lon, Madagascar. 

Santalin. 

Cl5H,405(?). 

Barwood. 

Wood  of  Baphia 
nitida. 

Sierra  Leone. 

Santal  in. 

Ci^Hi^OsC?). 

Camwood,  or 
Kambe  wood. 

Wood  of  species  of 
Pterocarpus. 

West  coast  of 
Africa. 

Santalin. 

Cl5Hi40,(?). 

Alkanet. 

Root  of  Anchusa 
tinctoria. 

Levant,  South 
Germany. 

Alkannin. 

CsHijO^.or 

C,sH,404. 

Safllower. 

Flowers  of  Cartha- 
mus  tinctoria. 

Southern  Europe, 
South  America, 
East  Indies. 

Carthamin. 

Cx4H,e0,. 

*  In  using  litmus  for  titrations  at  night,  a  sodium  flame  should  be  employed;  in 
this  liglit  the  red  color  will  appear  perfectly  colorless,  while  the  blue  will  appear 
black. 
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and  its  characters  have  alread}^  been  sufficiently  described.  Other 
red  coloring  matters,  as  logwood  and  brazil-wood,  are  obtained  from 
the  wood  of  trees  of  considerable  size;  while  alkanet  is  obtained 
from  the  cortical  parts  of  a  root,  and  safflower  from  the  flowers  of  a 
kind  of  thistle.  The  preceding  table  shows  the  origin  of  the  more 
important  red  coloring  matters  derived  from  plants. 

Logwood  or  Campeachy  is  the  most  important  of  the  red  dye- 
woods,^  and  is  imported  in  the  shape  of  irregular  blocks,  having  an 
average  weight  of  about  400  pounds.  The  coloring  matter  prob- 
ably exists  in  the  form  of  a  glucoside,  for  when  the  trees  are  freshly 
felled  the  wood  is  colorless.  By  the  time  the  logs  arrive  in  this 
country  they  have  acquired  a  dark  brownish-red  color  externally, 
while  the  inside  is  still  pale  yellow  or  light  red.  The  logs  are  re- 
duced to  chips  or  raspings,  which  are  moistened  with  water  and 
allowed  to  ferment,  whereby  the  glucoside  is  converted  into 
hsematoxy  lin,  and  this  is  partially  converted  into  hsematei'n 
by  the  action  of  the  air.  The  product  is  lixiviated  with  water,  and 
the  solution  concentrated  'to  obtain  a  logwood  extract.  To  obtain  a 
good  extract,  the  powder  must  not  be  too  highly  oxidized,  and  the 
concentration  of  the  solution  must  be  conducted  at  a  temperature 
not  exceeding  60°  C,  or  the  hsematein  will  be  converted  into  a 
dark  purple  resinous  matter  which  injuriously  affects  the  brilliancy 
of  the  color.  An  inferior  extract  is  largely  made  from  campeachy 
roots. 

Logwood  yields  very  little  soluble  and  coloring  matter  to  cold 
water,  but  from  14  to  18  per  cent,  of  its  weight  to  boiling  water. ^ 

^  For  convenience  of  classification,  logwood  is  here  classed  as  a  red  dye-wood. 
Although  the  coloring  matter  of  logwood  is  itself  red,  it  is  not  used  in  practice  to 
produce  red  shades,  but  rather  violet,  blue,  and  black. 

'^The  following  exhibits  the  relative  proportions  of  extract  in  Avoods  from 
different  sources:  — 


Name  and  Mark 

Percentage 

Percentage 

Percentage 

Percentage 

OF  Yield  of 

OF  Combus- 

OF Woods. 

OF  Water. 

OF  Ashes. 

Extract. 

tible  Matter. 

Yucatan  logwood  ... 

I3.no 

1.09 

20.20 

65.71 

Lasiina  ]o{?wood  .... 

12.R8 

0.96 

21.00 

65.66 

Doininjro  lofrwood    .  .  . 

13.19 

1.88 

14.02 

70.73 

Monte  Christo  logwood, 

1887  .  . 

14.70 

1.03 

14.00 

70.27 

Fort  Libert6  logwood,  J. 

B.,  1887  .  . 

11.84 

1.03 

18.00 

69.13 

Yucatan  logwood,  E.  J.  . 

14..^1 

1.20 

17.34 

66  95 

Pomingo  logwood,  D.  .  . 

13.71 

2.14 

19.30 

64  85 

.Jamaica  wood  ... 

12.10 

1.30 

18.00 

68.60 

Jamaica  wood  roots  .  .  . 

15..30 

2.30 

10.70 

71.70 
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The  decoction  is  pale  yellow  if  made  with  distilled  water,  but 
blood-red  if  a  calcareous  water  has  been  employed.  The  whole  of 
the  h^ematoxylin  can  only  be  removed  with  difficulty  by  water, 
but  alcohol  and  ether  extract  it  with  facility.^ 

Hematoxylin,^  C^^H^fi^,  is  best  obtained  by  treating  the  aqueous 
extract  of  logwood,  or  the  finely  powdered  wood,  with  ether, 
evaporating  the  resultant  solution  to  a  syrup,  adding  water,  and 
allowing  it  to  stand  for  some  days,  when  the  hsematoxylin  is  de- 
posited in  crystals,  which  if  prismatic  contain  3  aqua,  but  if  gran- 
ular 1  aqua  only.  A  portion  of  the  water  is  lost  at  100°,  but  the 
whole  of  it  can  only  be  expelled  at  a  higher  temperature.  When 
further  heated,  hsematoxylin  fuses,  and  at  a  still  higher  tempera- 
ture decomposes  and  leaves  a  bulky  carbonaceous  residue.  The 
crystals  of  hsematoxylin  are  bright  yellow,  sometimes  brownish 
externally,  but  the  powder  is  yellowish-white.  Its  taste  resembles 
that  of  licorice. 

Hsematoxylin  is  only  slightly  soluble  in  cold  water,  but  more 
readily  on  heating,  and  is  dissolved  with  facility  by  alcohol,  ether, 
and  carbon  disulphide.  It  has  the  characters  of  a  weak  acid,  and 
unites  with  bases  to  form  compounds  which  are  colorless  when 
perfectly  pure,  but  absorb  atmospheric  oxygen  with  great  avidity, 
becoming  first  bluish  and  finally  reddish-brown,  from  formation  of 
hsematein  and  more  advanced  products  of  oxidation.  The 
compounds  of  hsematoxylin  with  the  alkalies  are  best  obtained  by 
saturating  a  cold  decoction  of  freshly-drilled  logwood  with  common 
salt,  and  gradually  adding  caustic  soda.  The  precipitate  first 
formed  contained  the  colored  oxidation-products,  and  should  be 
rapidly  filtered  off,  and  on  again  adding  caustic  soda  a  colorless 
precipitate  of  the  sodium  salt  is  obtained,  which  becomes  rapidly 
colored  on  exposure  to  air. 

Neutral  and  basic  acetates  of  lead  jdeld,  with  hsematoxjdin, 
bluish-white  precipitates,  which  rapidly  darken  on  exposure  to  air. 
Stannous  chloride  produces  a  permanent  rose-colored  precipitate. 
Alum  gives  a  bright  red  color,  but  no  immediate  precipitate, 
though  a  slight  blackish  precipitate  is  formed  after  some  time;  and 
aluminium  acetate  yields  a  fine  purple.    Hajmatoxylin  instantly 

^The  amount  of  extract  obtained  from  a  wood  is  not  identical  with  its  tinctorial 
value. 

'■Tliis  word  is  often  pronounced  ha^mat-oxylin,  but  such  a  practice  is  open  to 
objection. 
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reduces  chromic  acid  and  potassium  bichromate,  3'ielding  a  deep 
black  precipitate. 

Hsematoxyhn  is  also  used  as  an  indicator,  its  tincture  being  ex- 
ceedingly sensitive  to  free  alkalies  and  alkaline  salts,  with  which 
it  gives  a  blue  color,  while  with  acids  it  is  red.  It  is  especially 
sensitive  to  ammonia,  the  faintest  traces  of  which  are  sufficient  to 
produce  a  blue  color.  Ha^matoxylin  is  also  very  sensitive  to 
calcium  carbonate. 

Hsematein,  C^^H^fi^,  is  produced  with  great  facility  by  the 
atmospheric  oxidation  of  haimatoxylin,  especially  in  presence  of  an 
alkali.'  It  may  be  pre2)ared  by  saturating  ammonia  with  haema- 
toxylin,  and  exposing  the  warm  solution  to  the  air.  The  liquid 
becomes  deep  cherry-red,  and  ultimately  deposits  granular  crystals 
of  the  ammonium  salt  of  hsematei'n.  This,  when  decomposed  by 
acetic  acid,  yields  free  h  se  m  a  t  e  i  n  as  a  bulky,  brownish-red 
precipitate,  which  on  drying  becomes  deep  green,  and  exhibits  a 
metallic  lustre.  Hsematein  yields  a  red  powder,  which  is  sparingly 
soluble  in  cold  but  more  readily  in  boiling  water.  It  is  sparingly 
soluble  in  alcohol  and  acetic  acid  and  slightly  soluble  in  ether,  and 
dissolves  in  ammonia  and  the  fixed  alkalies  to  form  solutions 
which  are  at  first  blue  or  purple,  but  become  brown  by  contact 
with  air.  The  ammonium  salt  forms  a  deep  violet  powder, 
consisting  of  microscopic,  transparent,  four-sided  prisms,  which 
dissolve  in  water  with  a  purplish,  and  in  alcohol  with  a  reddish- 
brown  color.  The  salt  loses  its  ammonia  at  100°  C,  or  even  at  the 
ordinary  temperature  over  sulphuric  acid  in  vacuo.  Its  solution 
yields  a  violet-blue  precipitate  with  salts  of  copper,  and  a  violet 
with  stannous  chloride.  It  reduces  silver  nitrate,  and  with  ferric 
salts  gives  a  black  precipitate.  By  oxidizing  agents  hjematein  is 
converted  into  brown  ulmic  bodies.  By  sulphuretted  hydrogen  it 
is  decolorized,  but  hsematoxylin  is  said  not  to  be  the  product  of  the 
reduction,  though  it  is  certainly  formed  when  sulphurous  acid  and 
certain  other  reducing  agents  are  employed. 

Hsematei'n  is  destroyed  by  hot  sulphuric  acid,  but  dissolves  in 
the  cold  concentrated  acid,  with  dark  reddish-brown  color.  On 
adding  two  or  three  measures  of  glacial  acetic  acid  very  gradually 
to  this  solution,  a  body  of  the  formula  0^^11^^(80311)0^,  is  thrown 
down  as  an  orange  crystalline  precipitate.    This  body,  which  is 

'  ITrematcin  may  also  be  prepared  from  hsematoxylin  by  oxidation  with  alkaline 
nitrites. 
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apparently  a  sulphonic  acid,  is  insoluble  in  alcohol,  ether,  or  ben- 
zene, but  slightly  soluble  in  strong  acetic  acid  or  cold  ammonia. 

The  reactions  of  an  aqueous  decoction  of  logwood  are  due  to  the 
simultaneous  presence  of  both  hsematoxylin  and  hasmatei'n.^  Dilute 
acids  turn  the  solution  yellow,  but  with  excess  of  a  strong  acid  a 
red  color  is  produced.  Sulphuretted  hydrogen  decolorizes  the 
solution  of  logwood,  and  sulphurous  and  carbonic  acids  turn  it 
yellow.  Alkalies  and  ammonia  produce  first  a  red,  then  a  violet, 
and  ultimately  a  brown  color;  while  lime,  baryta,  and  most  of  the 
hydrated  oxides  of  the  heavy  metals  produce  blue  precipitates. 
Stannous  hydroxide  behaves  as  a  base  and  yields  a  violet  lake, 
while  stannic  hydroxide  reacts  as  an  acid  and  turns  a  logwood  solu- 
tion red.  Salts  of  iron  yield  a  bluish-black  coloration,  a  reaction 
which  is  employed  for  producing  ink.  Mercuric  chloride  yields  an 
orange,  tartar-emetic  a  carmine,  and  bismuth  nitrate  a  fine  violet 
precipitate  with  logwood  solutions.  Alum  gives  at  first  a  yellow 
coloration,  becoming  red  after  a  time;  while  aluminate  of  sodium 
yields  an  abundant  bluish-violet  precipitate,  insoluble  in  excess  of 
alkali.  This  reaction  is  said  to  be  so  delicate  and  characteristic 
that  by  means  of  it  logwood  may  be  detected  in  a  mixed  decoction 
with  great  facility.  Another  characteristic  reaction  of  logwood  is 
the  black  coloration  it  produces  with  bichromate  of  potassium.  A 
good  way  of  applying  the  test  is  to  boil  some  white  wool  in  a  solu- 
tion of  potassium  bichromate,  containing  such  an  amount  of  the 
salt  as  will  correspond  to  3  per  cent,  of  the  weight  of  the  wool. 
The  mordanted  wool  is  then  introduced  in  small  successive  por- 
tions into  the  hot  liquid  to  be  tested,  when  it  will  be  dyed  black  if 
logwood  be  present,  and  the  weight  which  can  be  thus  dyed  will 
be  an  indication  of  the  amount  of  coloriiig  matter.  This  method 
of  assay  takes  cognizance  both  of  the  actual  and  potential  coloring 
matter  present  (ha^matei'n  and  ha3matoxylin),  and,  as  pointed  out 
by  L.  Siebold  (Jour.  Soc.  Chem.  Jnd.,  1889),  is  a  more  rational 
method  of  examination  than  any  based  on  the  color  produced  on 
cotton  mordanted  with  alumina  or  tin  salts. 

The  coloring  matter  of  logwood  may  be  extracted  by  agitating 
the  acidulated  aqueous  solution  with  amylic  alcohol,  or,  less  ad- 
vantageously, with  chloroform.  On  shaking  the  amylic  alcohol 
with  a  saturated  solution  of  borax,  the  coloring  matter  passes  into 

^C.  E.  Avery  {Jour.  Soc.  Dyer.%  etc.,  i,  268)  has  pntcntod  tlie  use  of  hypo- 
chlorites, nitrates,  clilorates,  S:c.,  for  oxi(lizin<2:  hsematoxylin  to  ha;matein.  and 
thus  getting  the  full  developnient  of  eolor  without  "ageing." 
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the  latter,  and  may  be  isolated  by  separating  the  borax  solution, 
acidulating  it,  and  again  shaking  with  amylic  alcohol. 

In  commerce,  logwood  chips  or- raspings  often  occur  containing 
an  abnormal  proportion  of  water,  from  40  to  60  per  cent,  being 
occasionally  met  with.  14  per  cent,  is  the  average  proportion  of 
water  natural  to  unfermented  logwood,  and  should  be  deducted  in 
calculating  the  excess.  An  excess  causes  fermentation  when  the 
material  is  allowed  to  remain  long  in  heaps,  with  consequent  de- 
struction of  the  coloring  matter. 

Logwood  is  occasionally  treated  with  an  alkali,  such  as  lime 
water,  weak  soda,  or  stale  urine,  with  the  view  of  giving  it  a  facti- 
tious strength.  If  so  treated,  the  wood  yields  abundance  of 
color  to  water,  but  oxidation  and  deterioration  speedily  occur. 
On  treating  such  logwood  with  a  little  cold  distilled  water,  and 
floating  a  piece  of  sensitive  red  litmus  paper  on  the  surface  of  the 
liquid,  the  paper  will  be  turned  blue  before  its  color  is  afiected  by 
the  logwood. 

A  rough  comparative  test  of  the  tinctorial  value  of  logwood  may 
be  made  by  treating  0.5  gramme  of  each  sample  with  50  c.c.  of 
methylated  spirit,  agitating  at  intervals  for  an  hour,  and  compar- 
ing the  depth  of  color  of  the  different  tinctures. 

Logwood  extract  is  met  with  in  commerce  both  in  a  liquid 
and  a  solid  form.  The  specific  gravity  is  not  a  reliable  indication 
of  the  strength  of  the  fluid  extract,  as  it  is  liable  to  be  raised  by 
the  addition  of  salt,  glucose,  molasses,^  etc.  The  solid  and  paste 
extracts  may  not  only  contain  salts,  but  are  sometimes  adulter- 
ated with  farina,  chestnut-bark  extract,"''  etc.    Treatment  of  the 

^  If  the  decolorized  extract  solution  gives  no  precipitate,  or  a  very  slight  one, 
with  Fehling's  solution,  but  after  inversion  with  hydrochloric  acid  a  copious  pre- 
cipitate of  Cu.^O  is  thrown  down,  the  presence  of  sugar  by-product  is  evident.  If 
the  nitrogen  present  is  over  one  per  cent.,  adulteration  with  gum  is  probable.  If 
gum  is  present  to  the  amount  of  8  per  cent,  or  more,  it  is  detected  by  extracting 
the  dried  and  pulverized  extract  with  strong  alcohol,  dissolving  the  residue  in 
water,  and  precipitating  with  excess  of  lead  acetate  solution.  The  precipitate  is 
filtered  off  and  excess  of  lead  removed  by  sodium  carbonate.  Filter,  to  remove 
lead  carbonate,  and  to  the  filtrate  add  a  tannin  solution.  The  presence  of  gum  is 
indicated  by  a  precipitate  or  by  considerable  cloudiness. 

2  In  order  to  detect  the  presence  of  chestnut  extract  in  a  sample  of  logwood  ex- 
tract, the  following  tests  are  made: — (1)  On  the  addition  of  tartar  emetic  pure 
logwood  extract  is  not  precipitated,  but  chestnut  extract  produces  a  gelatinous 
deposit.  (2)  With  pure  extract,  acid  nitrate  of  bismuth  gives  a  cloudiness  which 
redissolves  in  excess  of  the  reagent,  and  a  deposit  is  only  formed  on  prolonged 
st.nnding;  but  if  any  tannin  extract  is  present,  the  cloudiness  does  not  disappear, 
and  a  deposit  is  formed  in  10  minutes. 
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sample  with  methylated  spirit,  and  observation  of  the  intensity  of 
the  color  of  the  resulting  tincture,  is  a  useful  method  of  exami- 
nation. 

H.  Trimble  {Jour.  Soc.  Dyers,  &c.,  i.  92)  recommends  that 
the  colorimetric  assay  of  logwood  extract  should  be  made  by  treat- 
ing a  volume  of  solution  corresponding  to  0.001  gramme  of  the 
dry  extract  with  10  c.c.  of  water  naturally  or  artificially  containing 
' '  traces  of  calcium  carbonate ' '  and  a  solution  of  0. 002  gramme  of 
crystallized  copper  sulphate.  The  mixture  is  brought  quickly  to 
the  boiling  point,  and  diluted  with  distilled  water  to  100  c.c. 
The  color  of  the  solution  is  then  compared  with  one  of  pure  hsema- 
toxylin  similarly  treated,  or  with  a  standard  sample  of  logwood 
extract. 

The  most  satisfactory  method  of  assaying  logwood  and  logwood 
extracts  is  by  a  miniature  dye-test  with  wool  and  potassium  bichro- 
mate, as  described  on  page  256.  A  known  quantity  of  the  sample 
should  be  boiled  with  water,  the  solution  strained,  and  diluted  to 
a  definite  volume.  A  standard  specimen  must  of  course  be  treated 
in  a  similar  manner,  side  by  side  with  the  sample. 

To  detect  the  presence  of  molasses  and  dextrin  in  logwood  ex- 
tracts: 1-5  grammes  of  extract  dried  at  100°  C.  are  extracted 
with  absolute  alcohol  until  a  small  quantity  of  the  alcohol  with 
sodium  aluminate  gives  no  longer  any  reaction  with  hsematein  ; 
the  alcoholic  product  of  extraction  is  preserved.  In  the  residue, 
besides  the  substances  insoluble  in  alcohol  which  occur  in  extracts, 
is  contained  the  sugar  of  the  molasses  and  dextrin  originally 
present  in  the  extract. 

As  a  normal  extract  may  contain  0.25-0.5  per  cent,  grape  sugar, 
but  never  cane  sugar,  its  detection  in  the  residue  after  the  alco- 
holic extraction  is  the  surest  proof  of  the  presence  of  molasses;  in 
the  same  manner,  from  a  surplus  over  |-  to  1  per  cent,  starch  sugar 
or  grape  sugar,  the  presence  of  a  substance  containing  starch  sugar 
or  grape  sugar  may  be  inferred. 

With  the  exception  of  indigo,  logwood  is,  perhaps,  the  most 
important  and  indispensable  of  dyeing  matters.  It  does  not  dye 
cotton  without  a  mordant,  and  wool  merely  acquires  a  useless  drab- 
tint.  Hence  the  employment  of  logwood  in  dyeing  depends  on 
the  color-lakes  which  it  forms  with  metallic  oxides. 

With  aluminium  mordants,  logwood  yields  deep  violet-gray 
shades.  With  ferrous  salts  it  gives  a  bluish-black,  and  with  ferric 
salts  a  brown-black  shade,  while  a  mixture  of  the  two  yields  a  finer 
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black  than  either  separately.  With  chromates,  logwood  yields  a 
black  color,  which  on  exposure  to  light  gradually  takes  a  greenish 
shade.  Logwood  is  used  chiefly  for  dyeing  black  in  conjunction 
with  potassium  bichromate.  It  likewise  yields  blues,  which  re- 
semble those  produced  by  indigo,  but  are  not  so  fast.  It  is  also 
used  in  dyeing  leather,  and  in  printing  calico  brown,  slate,  lilac, 
gray,  &c. 

Fibres  dyed  black  by  logw^ood  leave  on  ignition  an  ash  contain- 
ing oxide  of  chromium,  sometimes  mixed  with  alumina  or  oxide 
of  copper  or  iron.  The  dyed  fabric  is  turned  red  by  moderatel}^ 
concentrated  hydrochloric  acid  (tannin  blacks  are  altered,  but  not 
reddened),  and  if  the  reddened  spot  be  pressed,  while  still  moist, 
against  a  piece  of  filter-paper,  it  produces  a  cherry-red  stain,  which 
turns  blue  if  touched  with  a  glass  rod  moistened  with  aluminate 
of  sodium.  Logwood  violets  and  blues  leave  on  ignition  an  ash 
containing  alumina.  With  hydrochloric  acid  they  behave  like 
logwood  black.  W^hen  placed  in  milk  of  lime,  and  subsequently 
washed  with  soap,  the  color  is  discharged.  All  logwood  colors 
are  readily  bleached  by  chlorine  and  hypochlorites. 

If  a  fibre  dyed  with  logwood  (especially  the  blues)  be  boiled 
with  glacial  acetic  acid  the  coloring  matter  is  dissolved,  and  the 
solvent  when  cold  has  a  rose-red  color,  changing  to  yellowish-red 
on  warming.  On  adding  ether  and  sufficient  w^ater  to  cause  separa- 
tion of  an  ethereal  layer,  any  indigo  will  remain  in  the  ether  or 
separate  at  the  junction  of  the  two  liquids,  while  in  presence  of 
any  quantity  of  logwood  the  lower  layer  will  be  reddish-blue.  If 
the  amount  present  be  insufficient  to  produce  this  effect,  the  log- 
wood will  still  be  detected  on  adding  a  few  drops  of  hydrochloric 
acid.  This  will  color  the  aqueous  liquid  a  beautiful  red,  while 
at  the  same  time  it  will  decolorize  that  portion  of  the  logwood 
coloring  matter  which  was  taken  up  by  the  ether.  In  the  presence 
of  cotton-blue  or  indigo-carmine,  the  acetic  solution  should  be 
separated  from  the  ethereal  layer  and  shaken  with  amy  lie  alcohol. 
This  dissolves  the  logwood  coloring  matter,  which  can  be  extracted 
by  agitating  the  amylic  alcohol  with  a  saturated  solution  of  borax, 
and  thus  obtained  pure. 

Brazil  Wood  is  derived  from  the  Csesalpinia  Brasiliensis,  a 
tree  growing  in  the  forests  of  Brazil.  The  red  dyewoods  known  in 
commerce  as  peach-wood,  sapan-wood,  Lima-wood,  Bahia-wood,  d'c, 
are  all  the  products  of  various  species  of  Csesalpinia,  and  yield 
very  similar  shades  of  colors  on  fabrics,  either  w^hen  employed 
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alone  or  with  mordants.  They  appear,  also,  to  contain  the  same 
glucoside,  which  is  decomposed  by  peculiar  ferments,  or  by 
boiling  with  dilute  acids  into  a  glucose  and  the  coloring  matter 
brazilin,  a  substance  which  has  been  found  in  large  crystals  in 
casks  in  which  extract  of  sapan-wood  had  been  kept.  The  crust 
obtained  in  the  manufacture  of  brazil-wood  extract  contains  much 
brazilin  and  its  lime-compound.  If  treated  with  dilute  hydro- 
chloric acid,  and  then  boiled  with  a  mixture  of  one  part  of  alco- 
hol and  eight  of  water,  a  solution  is  obtained  from  which  brazilin 
crystalHzes  on  cooling. 

Brazilin,  C^^H^fi^,  may  be  obtained  from  brazil-wood  by  the 
method  employed  for  the  preparation  of  hsematoxylin  from  log- 
wood. When  pure  it  forms  colorless  hydrated  crystals,  which  be- 
come anhydrous  at  130°  C.  It  dissoh'es  in  water,  alcohol,  and 
ether.  Brazilin  presents  a  close  resemblance  to  h  se  m  a  t  o  x  y  1  i  n, 
CigHjPg,  from  which  it  differs  only  by  an  atom  of  oxygen.^  On 
exposure  to  the  air  the  solution  acquires  a  bright  red  color  from 
the  formation  of  brazilein.  This  change  is  greatly  facilitated 
by  the  presence  of  alkalies.^  Acetyl-  and  bromo-derivatives  of 
brazilin  have  been  obtained. 

On  adding  chromic  acid  or  potassium  bichromate  to  an  aqueous 
solution  of  brazilin,  a  dark  brown  coloration  is  produced,  and  a 
very  dark  crimson  lake  separates  on  standing.  This  substance, 
which  is  apparently  a  compound  of  brazilin  and  chromic  oxide,  is 
readily  decomposed  by  dilute  acid. 

Brazilein,  C^^H^fi.,  is  produced  by  the  oxidation  of  brazilin  in 
alkaline  solution,  and  may  be  prepared  in  a  manner  similar  to  that 
used  for  obtaining  hsematei'n,  CjgHjgOg,  to  which  it  presents 
a  close  analogy.  Brazilein  forms  minute  crystals,  having  a  gray 
lustre.  The  powder  is  reddish-brown.  It  is  very  slightly  soluble 
in  cold,  but  more  readily  in  hot  water.  The  solution  is  yellowish- 
pink,  with  a  greenish -orange  fluorescence.    On  addition  of  an 

1  According  to  E.  Kopp,  brazilin  has  the  formula  CgjHjgO-,  which,  if  cor- 
rect, would  render  it  probable  that  brazilin  was  the  resorcinol  ether  of 
f  OH 

hsematoxylin,  CgH^  H  O     From  the  investigations  of  Her zig  and 

Schall  it  would  appear  that  brazilin  and  hcematoxylin  behave  analogously  to  the 
compounds  of  the  xanthon  and  fluoran  groups,  and  that  they  are  probably  hydroxyl 
derivatives  of  these  mother  substances. 

^  Brazilin  serves  as  a  very  sensitive  indicator  for  titrating  such  alkaloids  as  qui- 
nine, atropine,  brucinc,  and  cocaine;  it  gives  a  purplish-red  color  with  alkalies 
and  a  yellow  color  with  acids. 
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alkali  the  solution  becomes  carmine-red,  changing  to  brown  on 
exposure  to  air.  With  concentrated  sulphuric,  hydrochloric,  and 
hydrobromic  acids,  brazilein  reacts  to  form  crystallizable  com- 
pounds, which  have  greater  tinctorial  powers  and  are  faster  on  the 
fibre  than  brazilein  itself.  Boiling  with  zinc-dust  or  acid  sulphite 
of  sodium  reduces  brazilein  to  brazilin. 

An  aqueous  decoction  of  brazil-wood,  or  any  of  the  allied  woods, 
becomes  yellow  or  orange  on  addition  of  an  acid,  the  shade  of 
color  depending  on  the  relative  proportions  of  brazilin  and 
brazilein  present.  If  the  solution  be  strong,  yellow  or  red  crystals 
will  probably  separate  on  standing.  With  excess  of  strong  hydro- 
chloric acid,  brazil-wood  solution  becomes  a  bright  pink,  but  the 
coloration  disappears  on  adding  water.  Ammonia,  caustic  alka- 
lies, and  carbonates  of  the  alkali-metals  turn  the  solution  crimson- 
red,  this  color  gradually  changing  to  brown  on  exposure  to  air. 
Potassium  bichromate  reacts  as  with  brazilin.  Neutral  lead 
acetate  gives  a  slight  reddish  precipitate  containing  oxidation- 
products.  The  filtered  liquid  dyes  a  deeper  shade  than  the 
original  solution.  Basic  acetate  of  lead  gives  an  abundant  bluish 
precipitate  with  brazil-wood  solution. 

Brazil-wood  and  the  commercial  extract  are  liable  to  the  same 
kind  of  adulterations  as  logwood  and  its  preparations,  and  may  be 
examined  by  exactly  similar  methods,  except  that  for  the  dyeing 
test  twice  the  quantity  of  brazil-wood  should  be  employed,  as  it  is 
not  so  rich  in  brazilin  as  logwood  is  in  haematoxylin. 

Brazil-wood  is  used  in  calico-printing  and  dyeing,  and  yields 
colors  similar  to  those  obtainable  with  cochineal  or  alizarin. 
Thus  when  mordanted  with  alumina  it  gives  red,  with  iron  grayish- 
violet  or  black,  and  with  a  mixture  of  the  two,  brown.  Stannic 
chloride  gives  a  red,  and  chromates  an  olive  shade. 

When  fixed  on  fabrics,  reds  produced  by  brazil-wood  are  turned 
violet-blue  by  alkalies,  while  acids  change  them  to  yellow  and  red, 
and  give  a  pink  solution.  They  are  bleached  by  chlorine  and 
hypochlorous  acid,  and  are  discharged  by  boiling  with  soap  solu- 
tion bluish-red,  a  character  which  distinguishes  them  from  the 
alizarin  reds.  When  immersed  in  succession  in  hydrochloric  acid 
and  in  lime-water,  fibres  dyed  red  with  brazil-wood  are  changed  to 
violet,  and  the  latter  color  can  then  be  removed  by  boiling  with 
soap.  Concentrated  sulphuric  acid  alters  brazil-"wood  red  to  deep 
cherry-red,  while  it  changes  a  cochineal  red  to  an  orange-yellow. 
On  ignition,  fibres  dyed  with  brazil-wood  leave  a  residue  contain- 
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ing  alumina,  oxide  of  tin,  etc. ,  according  to  the  mordant  employed 
for  fixing  the  color. 

Santal  Wood  or  Sandal  Wood,  Barwood,  Caliatour  Wood, 
and  Camwood  differ  from  brazil-wood  and  its  allies  in  their  more 
resinous  characters,  and  are  often  known  as  "close  woods."  They 
yield  faster  dyes  than  the  "open  woods,"  but  the  insolubility  of 
the  coloring  matters  prevents  them  from  being  used  in  the  form  of 
extracts. 

Santalin,  C^Ji^fi^  (?),  the  coloring  principle  of  santal  wood, 
seems  to  be  identical  with  that  of  barwood,  and  probably  with  that 
of  camwood.  It  appears  to  be  developed  by  age,  being  absent 
from  the  young  branches,  but  existing  in  large  quantities  in  the 
trunk.  The  chemistry  of  santalin  is  very  imperfectly  understood, 
and  the  formula  is  uncertain.  Santalin  is  best  extracted  by  boil- 
ing crushed  santal  wood  with  water  to  remove  the  tannin,  heating 
the  insoluble  residue  with  a  solution  of  borax,  and  saturating  it 
with  lime  until  the  coloring  matter  is  entirely  removed.  The 
filtered  liquid  is  then  treated  with  sulphuric  or  hydrochloric  acid 
until  no  further  precipitate  is  obtained.  The  voluminous  red  pre- 
cipitate is  filtered  off  and  dissolved  in  boiling  alcohol,  when  the 
santalin  separates  as  a  red  crystalline  powder  as  the  solution  cools. 
Santalin  is  insoluble  in  water,  but  soluble  in  alcohol,  ether,  and 
acetic  acid.  It  dissolves  in  ammonia,  fixed  caustic  alkalies,  and 
carbonates,  phosphates,  and  borates  of  the  alkali-metals  with 
violet-red  color,  and  is  reprecipitated  in  red  flakes  on  acidulating 
these  solutions. 

A.  Zander  (Jour.  Soc.  Dyers,  &c.y  iv.  496)  has  recently  pro- 
posed the  employment  of  a  santalin -sulphonic  acid. 
This  is  prepared  by  treating  santal  wood,  or  one  of  the  allied 
woods,  with  a  warm  solution  of  borax,  sodium  phosphate,  or  car- 
bonated or  caustic  soda,  and  precipitating  the  crude  santalin  from 
the  liquid  by  means  of  an  acid.  The  santalin  is  then  warmed  with 
ordinary  concentrated  or  fuming  sulphuric  acid,  until  a  sample 
ceases  to  be  precipitated  on  dilution  Avith  water.  The  product  is 
then  poured  into  a  cold  saturated  solution  of  common  salt,  and 
the  precipitated  coloring  matter  washed  and  dried.  Santalin-sul- 
phonic  acid  and  its  sodium  salt  occur  in  commerce  as  grayish- 
brown  powders,  readily  soluble  either  in  hot  or  cold  water.  The 
solution  gives  no  characteristic  reactions.  It  is  best  applied  in  an 
acid  bath  containing  sodium  sulphate,  and  produces  shades  of 
color  much  yellower  than,  but  equally  deep  and  fast  with,  those 
obtained  with  the  original  dye-wood. 
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Santal  Wood  or  Sandal  Wood,  called  also  sanders  wood  or  red 
Sanders,  is  imported  in  large  billets,  which  are  very  dense  (sp.  gr. 
1.014)  and  compact,  and  of  blackish -brown  color  externally,  while 
the  interior  is  red.  The  fibers  occur  in  alternate  layers  running  in 
opposite  directions,  and  hence  when  planed  the  wood  exhibits 
alternatel}'  a  pohshed  and  a  rough  torn-up  surface.  Powdered 
santal  wood  is  lighter  than  water,  has  an  aromatic  taste,  and  an 
odor  like  that  of  orris-root.  It  yields  to  alcohol  about  16  per 
cent,  of  a  coloring  matter  which  is  insoluble  in  water. 

Santal  wood  is  chiefly  used  on  the  Continent,  where  it  is  em- 
ployed to  give  a  bottom  to  woolen  cloth  w^hich  is  afterwards  to  be 
dyed  with  indigo.  The  fine  color  called  bleu  de  Nemours,  obtained 
in  this  manner,  has  a  purple  hue  by  reflected  light.  Santal  wood 
is  also  used  for  dyeing  woolen  and  cotton  a  dark  red,  which  is 
changed  to  a  rich  brown  by  a  chro mate-bath.  It  produces  dark 
browns  with  sumac  and  light  browns  with  fustic. 

Barwood  is  allied  to  santal  wood.  It  is  compact,  and  of  an 
orange  color  when  polished.  It  generally  occurs  in  the  form  of 
raspings,  as  a  rough,  harsh,  and  odorless  powder.  Boiling  water 
takes  up  about  7  per  cent,  of  coloring  matter,  which  on  cooling  is 
almost  entirely  deposited  as  a  reddish  powder.  The  coloring 
matter  is  soluble  in  alcohol,  but  the  whole  amount,  averaging  23 
per  cent.,  can  only  be  extracted  from  the  wood  by  repeated  treat- 
ment. The  coloring  matter  dissolves  in  soda  or  ammonia  witli 
violet-red  color,  and  is  reprecipitated  in  red  flakes  on  acidulating 
the  solution. 

Barwood  is  employed  to  produce  mock  turkey-reds  on  cotton, 
which  are  distinguished  from  the  alizarin-dyed  goods  by  yielding 
part  of  their  color  to  soap,  and  at  the  same  time  assuming  a  purple 
hue.  It  is  also  used  for  dyeing  woolens  brown  and  other  dark 
tints. 

Cam  Wood  or  Kamhc  Wood  yields  its  coloring  matter  to  water 
much  more  freely  than  santal  and  barwood,  but  is  not  sufficiently 
soluble  to  yield  an  extract.  It  is  used  in  a  manner  similar  to  bar- 
wood,  and  is  regarded  as  producing  brighter  and  faster  colors. 

An  alcoholic  extract  of  santal  or  barwood  is  rendered  opalescent 
by  copious  dilution  with  water.  The  fixed  alkalies  redissolve  the 
precipitate,  the  liquid  acquiring  a  dark  claret  color.  Caustic  alka- 
lies change  the  original  alcoholic  solution  to  crimson  or  violet, 
while  lime  water  produces  an  abundant  reddish-brown  precipitate. 
Dilute  acids  heighten  the  color  of  alcoholic  solution  of  santal  or 
28 
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barwood  to  a  deep  cherry-red;  while  chlorine  decolorizes  the  tinc- 
ture, with  formation  of  an  ochre-like  precipitate  which  rises  to  the 
surface  of  the  liquid.  The  tincture  of  santal  or  barwood  yields 
with  stannous  chloride  a  blood-red,  and  with  stannic  salts  a  brick- 
red  precipitate;  with  ferrous  salts  a  violet  coloration  and  abundant 
violet  precipitate;  with  ferrous  salts  an  intense  brownish-red  colo- 
ration and  precipitate;  and  wdth  tartar-emetic  an  abundant,  dark 
cherry-red  precipitate.  Salts  of  aluminium  only  render  the  liquid 
turbid,  while  lead  salts  give  a  dark  violet,  gelatinous  precipitate. 
The  last  two  reactions  distinguish  santal-  and  bar-wood  from  cam- 
wood, an  alcoholic  extract  of  w^hich  gives  a  beautiful  red  coloration 
with  salts  of  aluminium,  and  a  bright  orange-red  precipitate  with 
salts  of  lead. 

Santal-,  bar-,  and  cam-wood  are  chiefly  used  in  wool-dyeing, 
together  with  other  dyewoods,  such  as  logwood  and  old  fustic,  for 
producing  various  shades  of  brown,  olive,  drab,  &c.  They  have 
also  a  limited  application  in  cotton-dyeing,  but  are  not  used  for  silk. 

Fibres  dyed  with  santal-  or  bar-wood  are  not  changed  by  hydro- 
chloric acid,  but  if  of  wool  are  turned  dark  olive  by  nitric  acid. 
Alcohol  is  colored  red,  as  also  is  an  acid  solution  of  stannous 
chloride,  the  color  of  the  fibre  remaining  unchanged.  Caustic 
soda  and  ammonia  turn  the  fibre  purplish  or  brownish  without 
yielding  a  colored  solution.  When  boiled  with  ferrous  sulphate, 
cloth  dyed  with  santal-wood  becomes  violet. 

Alkanet  consists  of  the  cortical  parts  of  the  root  of  Anchusa 
tmctoria.  The  coloring  matter  called  alJcannin  may  be  prepared  by 
boiling  the  root  with  water  to  remove  all  soluble  matter,  drying  it, 
and  then  exhausting  with  alcohol.  The  solution,  which  has  a 
violet  color,  is  slightly  acidulated  with  hydrochloric  acid  and 
evaporated  to  dryness.  The  residue  is  treated  with  ether,  which 
on  evaporation  leaves  the  coloring  matter  as  a  dark  red,  resinous 
substance.  According toCarnelutti  and  N a s i n  i  (Jour.  Chem. 
Soc,  xl.  53),  the  product  so  obtained  is  contaminated  with  a 
reddish-brown  a-cid.  The  coloring  matter  is  best  obtained  pure 
by  extracting  alkanet  root  with  dilute  potash  solution,  and  agitat- 
ing the  solution  with  ether  to  remove  the  above-mentioned  im- 
purity. On  saturating  the  alkaline  liquid  with  carbonic  acid  the 
alkannin  is  precipitated,  and  may  be  purified  by  solution  in  ether. 

Alkannin,  Anchusin,  or  Anchvsic  Acid.  This  body,  of  which 
the  formula  is  probably  either  Cj.Hj^O^  or  Q^fi^fi^,  is  a  reddish- 
brown  resinous  substance  of  metallic  lustre.    It  is  insoluble  in 
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water,  but  soluble  in  alcohol,  glacial  acetic  acid,  ether,  chloroform, 
carbon  disulphide,  turpentine,  and  fixed  oils.  The  alcoholic  solu- 
tion is  crimson,  and  is  unchanged  by  exposure  to  light  or  continued 
boiling.  It  gives  a  blue  coloration  with  alkalies  (restored  to 
crimson  by  acids), ^  a  bluish-violet  precipitate  with  aluminium 
acetate,  a  crimson  precipitate  with  stannous  chloride,  and  a  purple 
precipitate  with  stannic  chloride.  Lead  acetate  produces  a  blue, 
and  iron  salts  a  violet  precipitate.  Alkannin  forms  a  diacetyl-deri- 
vative  which  crystallizes  from  glacial  acetic  acid  in  brownish-yellow 
grains.  Alkannin  is  evidently  a  derivative  of  methyl-anthra- 
cene, CjjHjj?  that  hydrocarbon  is  formed  when  the  coloring 
matter  is  distilled  with  zinc-dust.  In  its  tinctorial  properties  and 
absorption-spectrum,  anchusin  resembles  q  u  i  n-a  1  i  z  a  r  i  n. 

The  most  characteristic  test  for  alkanet  and  alkannin  is  the 
absorption-spectrum.  The  solution  in  amylic  alcohol  gives  the 
best  results,  and  exhibits  three  equidistant  bands  in  the  blue- 
green.  On  adding  ammonia  these  give  place  to  two  bands,  one 
nearly  coincident  with  and  the  other  on  the  red  side  of  the  D  line. 

Alkanet  root  may  be  assayed  by  treating  it  with  ether,  which 
should  extract  not  less  than  5  per  cent,  of  coloring  matter. 
Alkanet  was  formerly  used  for  dyeing  various  shades  of  violet, 
lilac,  lavender,  and  yellow,  but  has  been  superseded  for  such  pur- 
poses. It  is  used  for  staining  wood  crimson,  and  is  employed  in 
perfumery  for  coloring  oils  and  pomades.  An  alkaline  solution 
is  sometimes  used  to  color  syrups.  Tincture  of  alkanet  forms  a 
very  good  substitute  for  litmus. 

Safflower  consists  of  the  bloom  or  petals  of  a  plant  resembling 
the  thistle,  indigenous  to  Egypt  and  the  Levant,  and  cultivated  in 
other  countries.  It  varies  much  in  quality,  the  Eg3^ptian  being 
the  richest  in  coloring  matter,  and  after  that  the  Indian  and 
Chinese.  The  color  of  good  safflower  is  a  fiery  red;  a  dull  red 
color  is  an  indication  of  bad  preparation. 

Safflower  contains  two  yellow  coloring  matters,  one  of  which 
is  soluble  in  cold  water,  and  exists  in  considerable  proportion  (26 
to  36  per  cent.);  the  other  is  insoluble  in  water,  but  dissolves  in 
alkahne  liquids.  Besides  these,  safflower  contains  a  small  propor- 
tion of  a  red  coloring  matter  called  carthamin,  which  is  the 
only  constituent  of  value.  The  proportion  of  insoluble  yellow 
coloring  matter  varies  inversely  with  that  of  carthamin. 

*  Paper  impregnated  with  an  alcoholic  solution  of  alkannin  forms  the  so-called 
Boettgei-'s  Test  Paper.  It  is  very  sensitive  to  free  alkalies  and  alkaline  salts  and 
particularly  to  ammonia,  the  slightest  traces  of  which  color  the  paper  green. 
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Carthamin,  C^^H^gO^,  the  red  coloring  matter  of  safflower,  forms 
only  from  0.3  to  0.6  per  cent,  of  the  weight  of  the  flowers.  To 
prepare  it,  safflower  is  w^ashed  with  cold  water  till  no  more  soluble 
yellow  coloring  matter  is  removed,  after  which  it  is  treated  with 
w^ater  and  15  per  cent,  of  its  weight  of  crystallized  sodium  carbon- 
ate. The  solution  is  strained  from  the  insoluble  portion,  cotton 
yarn  immersed  in  it,  and  the  liquid  acidulated  with  citric  acid. 
The  cotton  takes  up  the  carthamin  and  an  accompanying  yellow 
coloring  matter.  When  washed  and  treated  with  a  weak  solution 
of  sodium  carbonate,  the  carthamin  dissolves,  while  the  yellow 
dye  remains  fixed  on  the  cotton.  On  acidulating  the  solution 
with  tartaric  acid,  the  carthamin  is  thrown  down  as  a  bright  red, 
amorphous  precipitate,  which,  when  mixed  with  a  little  water, 
forms  the  safflower  extract  or  paste  of  commerce.^  The  product 
may  be  further  purified  by  solution  in  alcohol  and  reprecipitating 
it  by  adding  water. 

Carthamin  is  insoluble  in  water  or  ether,  but  readily  soluble  in 
alcohol.  The  cherry-red  alcoholic  solution  dyes  silk  without  a 
mordant,  and  when  allowed  to  evaporate  on  glfiss  leaves  a  varnish 
which  appears  red  by  transmitted  light  and  a  beautiful  beetle- 
green  by  reflected  light.  On  addition  of  an  acid,  the  alcoholic 
solution  of  carthamin  becomes  yellow,  and  alkalies  also  turn  it 
yellow  or  orange.  The  coloring  matter  is  consequently  very  un- 
stable, and  even  undergoes  rapid  alteration  on  exposure  to  air  or 
when  boiled  with  alcohol  or  water. 

Carthamin  has  feeble  acid  characters.  The  ammonium  salt 
yields,  with  stannic  chloride,  a  yellowish-brown  precipitate,  with 
ferric  chloride  a  brownish-red,  and  with  mercuric  chloride  a  red 
precipitate. 

Carthamin  dissolves  with  red  color  in  strong  sulphuric  acid, 
probably  forming  a  sulphonic  acid,  for  the  solution  is  not  precipi- 
tated on  addition  of  water. 

Safflower  is  best  assayed  by  a  miniature  dyeing  operation,  and 
by  an  application  of  the  method  already  described  for  detecting 
and  separating  any  objectionable  yellow  coloring  matter. 

Safflower  is  employed  to  dye  silk,  cotton,  and  linen  various 
shades  of  pink  and  red.  On  fabrics  dyed  with  annatto  it  produces 
a  scarlet.    The  use  of  safflower  has  much  decreased  of  late  years, 

^  If  the  paste  be  triturated  with  French  chalk  and  the  mixture  dried,  a  product 
is  obtained  which  is  employed  as  a  rouge. 
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owing  to  the  competition  of  the  coal-tar  colors,  but  it  is  still  em- 
ployed for  coloring  red  tape. 

On  the  fibre,  a  rose,  pink,  or  crimson  color  due  to  safEower  is 
immediately  turned  pale  yellow  by  a  single  drop  of  alkali,  and  the 
color  is  then  destroyed  by  any  further  treatment.  Weak  acids  do 
not  affect  the  color,  but  strong  acids,  chlorine,  and  sulphurous 
acid  bleach  it  at  once.  Alcohol  has  no  action,  but  ammonia 
changes  safflower  pink  (on  cotton)  to  a  flesh-tint,  and  ammonium 
sulphide  decolorizes  it. 

Yellow  Dyes  of  Natural  Origin. 

The  yellow  coloring  matters  of  natural  origin  which  receive 
practical  applications  are  all  of  vegetable  derivation.  They  are  of 
very  various  origin  and  character,  as  will  be  seen  from  the  tabu- 
lated list  of  the  more  important  on  the  next  page. 

A  number  of  other  vegetable  coloring  matters  might  be  enumer- 
ated, including  Chinese  yelloiv,  from  Gardenia  grandiflora ;  Chryso- 
phan,  from  Goa  powder ;  coloring  matters  of  rhubarb,  barberry 
root  and  carrot,  and  many  others. 

Quercitron  Bark,  as  met  with  in  commerce,  is  a  mixture  of 
fibres  and  fine  powder  of  a  yellow  or  buff  color.  The  articles  im- 
ported respectively  from  Philadelphia,  New  York,  and  Baltimore 
rank  as  distinct  qualities,  the  first  being  generally  preferred. 

Quercitrin,  the  yellow  coloring  principle  of  quercitron,  was 
obtained  by  Chevreul  by  boiling  the  bark  with  water,  and 
allowing  the  solution  to  stand,  when  the  quercitrin  is  deposited  in 
crystals.  B  o  1 1  e  y  prepares  it  by  boiling  the  bark  with  alcohol, 
precipitating  the  tannin  (quercitannic  acid)  by  gelatin,  concen- 
trating the  filtrate,  and  recrystallizing  the  quercitrin  which  sepa- 
rates from  boiling  alcohol.  Quercitrin  is  most  readily  prepared 
by  boiling  the  preparation  of  quercitrin  known  as  flavin  with  water, 
and  cooling  the  filtered  liquid.  Quercitrin  forms  pale  yellow, 
rhombic  plates,  which  are  odorless,  having  a  somewhat  bitter  taste, 
and  a  feeble  acid  reaction.  It  is  only  slightl}^  soluble  in  cold  water 
or  ether,  more  readily  in  boiling  water  (1  in  25),  and  easily  in 
alcohol.  Ammonia  and  the  fixed  alkalies  dissolve  quercitrin 
readily,  with  greenish-yellow  color.  The  ammoniacal  solution 
rapidly  oxidizes,  and  turns  brown  on  exposure  to  air.  The 
aqueous  solution  of  quercitrin  gives  a  reddish-yellow  precipitate 
with  baryta  water;  a  beautiful  yellow  color  with  alum;  flocculent 
yellow  precipitates  with  the  acetates  of  copper  and  lead ;  and  an 
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olive-green  coloration  and  gradual  precipitate  with  ferric  sulphate. 
Nitric  acid  colors  quercitrin  orange-red. 

Quercitrin  is  a  glucoside,  suffering  hydrolysis  when  boiled  with 
dilute  sulphuric  acid,  with  formation  of  quercetin  and  a 
sugar-like  body.  The  formula  of  quercitrin  is  somewhat  un- 
certain, and  it  is  doubtful  whether  different  observers  have  always 


Commercial 
Name. 

Source. 

Coloring  Principle. 

Botanical. 

Geographical. 

Name. 

Formula. 

Quercitron 

Bark    of  Quercus 
nigra  or  Q.  tinc- 
toria. 

North  America. 

Quercitrin. 
Quercetin. 

CseHssOjo 
C24H16O11 

Old  Fustic;  Yel- 
low Brazilwood. 

Wood  ofMorus  tinc- 
toria. 

West  Indies; 
South  America. 

Moric  acid. 
Morintannic 
acid. 

CiaHioOg 
CiaHioOe 

Young  Fustic; 
Fustet  wood. 

Wood  of  Rhus  Coti- 
nus. 

West  Indies; 
Levant,  South 
Europe. 

Fustin  or  Fise- 
tin. 

O23H16O9 

Weld. 

Leaves,  &c.,  of  Re- 
seda luteola. 

France,  &c. 

Luteolin. 

CaoHiiOa 

Persian  Berries; 
Yellow  Berries. 

Various  species  of 
Rhammis. 

Spain,  France, 
Persia,  Turkey, 
&c. 

Xanthorham- 
nin. 

C48H66O27 

Salfron. 

Stigmata  of  flower 
of  Crocus  sativus. 

Austria,  Spain, 
France. 

Crocin. 
Crocetin. 

C44H70O28 
C34H46O9 

Annatto, 

Pulpy  parts  of 
Bixia  Orellana. 

Mexico ;      South  Bixin. 
America.  j 

C28H34O5 

Turmeric. 

Underground  stem 
of  Curcuma  tinc- 
toria. 

East  Indies; 
China,  Barba- 
does. 

Curcumin. 

C14H14O4 

Gamlx)ge. 

Gum  resin  from 
Garcinia  morella. 

Siam,  Cochin 
China,  Ceylon. 

Gambogin. 

O30H36O6 

worked  on  the  same  body.  According  to  Hlasiwetz  and 
Pfoundler,  several  kinds  of  quercitrin  exist,  all  of  which  yield 
quercetin  on  treatment  with  dilute  acids,  but  differ  as  to  the  kind 
of  sugar  simultaneously  produced.  But  it  seems  more  probable 
that  quercetin  and  isodulcite  are  constant  products  of  the  hydro- 
lysis, though  the  proportions  formed  depend  on  the  origin  of  the 
glucose.  Thus  while  rutin,  C^J^^qO^^,  contained  in  the  leaves  of 
Ruta  graveolens  and  Polygonum  fagopyrum,  splits  on  hydroh-sis  into 
one  molecule  of  quercetin  and  one  of  isodulcite,  quercitrin  yields 
one  of  quercetin  and  two  of  isodulcite  (vol.  ii. ),  according  to 
the  following  equation: — ■ 
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Quercetin,  C^Ji^fi^T^,^  or  its  glucoside,  is  found  in  a  great  variety 
of  plants.  It  forms  slender  needles  of  a  bright  yellow  color,  which 
are  tasteless,  and  insoluble  in  cold  water.  Quercetin  is  but  slightly 
soluble  even  in  hot  water  (1  in  280),  but  dissolves  readily  in 
alcohol  and  in  acetic  acid,  and  sparingly  (1  in  125)  in  ether.  In 
alkalies  it  dissolves  with  orange-yellow  color,  and  a  crystalline 
compound,  containing  C^JI^fi^^,Kfi,  has  been  obtained  by  dis- 
solving quercetin  in  a  concentrated  solution  of  potassium  carbon- 
ate. An  alkaline  solution  of  quercetin  becomes  dark  brown  when 
treated  with  sodium-amalgam,  the  color  gradually  changing  to 
yellow.  The  alcoholic  solution  of  quercetin  yields  orange  precipi- 
tates with  calcium,  barium,  and  lead  salts;  gives  an  orange  color- 
ation with  stannic  chloride,  and  a  green  with  ferric  chloride. 

Quercetin  dissolves  in  strong  sulphuric  acid,  apparently  forming 
a  sulphonic  acid,  and  the  solution  dyes  wool  a  fast  yellow 
without  a  mordant.  A  di-acetyl-derivative  has  also  been 
obtained. 

If  1  part  of  quercetin  be  treated  with  3  parts  of  caustic  potash 
and  1  of  water,  and  the  whole  evaporated  to  dryness,  the  quercetin 
is  split  up  with  formation  of  paradatiscetin,  C^^HjoOg, 
quercetic  acid,  C^fi^fi^,  and  phloroglucol,  CgHgOg. 
By  prolonging  the  treatment  with  potash,  or  by  treating  quercetin 
at  once  with  the  fusing  alkali,  the  quercetic  acid  is  further  decom- 
posed into  protocatechuic  acid,  C^HgO^,  and  q  u  e  r  c  i  - 
meric  acid,  CgHgOj,  which  latter  takes  up  oxj^gen  and  again 
splits  up  into  protocatechuic  acid  and  carbon  dioxide. 

Quercetin  is  easily  decomposed  when  its  acidulated  aqueous 
solution  is  boiled. 

When  a  dilute  alcoholic  solution  of  quercetin  containing  silver 

ij.  Herzig  {Jour.  Chem.  Soc,  1.  251)  has  given  reasons  for  doubting  the 
accuracy  of  this  formula.  From  a  study  of  its  alkyl  and  acetyl  derivatives,  he 
ascribes  to  quercetin  the  formula  C17H10O7,  which  is  structurally  represented  by: 


O 


OH 


CO 


—{Ber.  xxviii.  293.) 
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nitrate  is  shaken  with  three  volumes  of  ether,  the  latter  acquires  a 
crimson  color  rapidly  fading  with  deposition  of  metallic  silver. 

If  an  alcoholic  solution  of  quercetin  be  acidulated  with  hydro- 
chloric acid  and  treated  with  sodium  amalgam,  the  liquid  assumes 
a  fine  purple  color,  and  on  concentration  yields  red  prisms,  which 
dissolve  in  alcohol  and  a  little  alkali  with  green  color,  the  solution 
being  readily  reoxidized  with  formation  of  quercetin  on  exposure 
to  the  air. 

Besides  quercitrin,  quercitron  bark  contains  quercitannic 
acid. 

Flavin  is  the  commercial  name  of  a  preparation  of  quercitron 
produced  by  acting  on  the  bark  with  sulphuric  acid,  and  hence 
contains  woody  fibre  with  more  or  less  quercitrin,  quercetin,  and 
isodulcite.  In  some  cases  it  consists  of  nearly  pure  quercitrin, 
and  in  others  of  quercetin.  A  good  quality  of  flavin  has  about 
sixteen  times  the  coloring  power  of  quercitron  bark,  but  very  in- 
ferior specimens  are  sometimes  met  with.  Aurantme  and  "  patent 
bark ' '  are  preparations  similar  to  flavin. 

A  freshly-prepared  decoction  of  quercitron  bark  is  transparent, 
and  of  a  dull  orange-red  color,  but  after  a  time  it  becomes  turbid, 
gives  a  yellow  crystalline  deposit,  and  the  supernatant  liquid 
gradually  becomes  gelatinous  and  acquires  a  blood-red  color.  A 
freshly  made  solution  is  deepened  in  color  by  alkalies  and  lime- 
water,  the  latter  reagent  also  producing  a  brownish-yellow  floccu- 
lent  precipitate.  Alum  brightens  the  color,  and  forms  a  light 
precipitate  only.  Stannous  chloride  gives  a  brown  and  stannic 
chloride  a  yellowish  precipitate.  Gelatin  produces  a  reddish  floc- 
culent  precipitate,  and  chlorine  also  precipitates  abundant  flocks, 
an  excess  of  the  reagent  decolorizing  the  liquid.  Iron  salts  color 
the  solution  of  quercitron  green,  an  olive-brown  flocculent  precipi- 
tate being  subsequently  formed. 

Flavin  and  quercitron  bark  are  chiefly  used  for  dyeing  w^oolen 
and  mixed  fabrics,  tin  being  usually  the  mordant  employed. 
Flavin  is  largely  used  in  conjunction  with  cochineal  or  lac-dye  for 
producing  scarlet.  Samples  of  flavin  or  quercitron  are  best  assayed 
by  a  miniature  dye-test. 

Fibres  dyed  with  quercitron  bark  yield  a  yellow  solution  with 
hydrochloric  acid,  but  the  color  of  tlie  fibre  is  little  affected. 
Caustic  alkalies  behave  similarly.  Nitric  acid  turns  the  fibre  light 
brown,  and  it  becomes  olive  when  boiled  with  ferric  chloride,  and 
orange  with  lead  acetate.    Alcohol  has  no  actioij,  and  the  color  is 


YELLOW  DYES  OF  NATURAL  ORIGIN. 


441 


little  affected  by  ammonia  or  an  acid  solution  of  stannous  chloride, 
though  the  solution  becomes  yellow  in  each  case. 

Old  Fustic,  also  called  yelloic  wood,  contains  two  peculiar 
principles,  known  respectively  as  morin  or  moric  acid,  and 
m  o  r  i  n  t  a  n  n  i  c  acid  or  m  a  c  1  u  r  i  n.  To  obtain  these  bodies 
in  a  pure  state,  rasped  fustic  is  boiled  with  water  and  the  decoction 
concentrated  to  a  syrup.  The  crystalline  deposit  which  forms  in  a 
few  days  is  washed  rapidly  with  cold  water  and  pressed.  On  treat- 
ment with  boiling  water,  morintannic  acid  is  dissolved,  while  cal- 
cium morale  remains  insoluble.  The  morintannic  acid  is  obtained 
by  concentrating  the  solution,  and  crystallizing  the  coloring- 
matter  from  water  acidulated  with  hydrochloric  acid.  The  cal- 
cium morate  is  decomposed  by  dilute  hydrochloric  acid,  and  the 
residue  taken  up  by  alcohol,  from  which  solution,  on  addition  of 
two-thirds  of  its  volume  of  water,  the  morin  is  deposited  in  yellow 
needles.^ 

Morin  or  Moric  Acid,  according  to  Benedikt  and  H a z u r a, 
probably  contains  CjsHgOg.^  It  crystallizes  in  colorless  needles 
containing  1  aqua.  It  is  nearly  insoluble  in  water  and  carbon 
disulphide,  slightly  soluble  in  ether,  and  freely  in  alcohol.  In 
solution  of  caustic  alkalies,  carbonates,  borates,  and  phosi)hates,  it 
dissolves  with  a  yellow  color,  and  is  reprecipitated  on  addition  of 
an  acid.  Ferric  chloride  gives  an  olive-green  coloration  with  the 
alcoholic  solution  of  moric  acid,  while  yellow  precipitates  are  pro- 
duced by  salts  of  tin,  lead,  zinc,  and  aluminium,  and  a  dark  green 
precipitate  by  supric  sulphate.  If  an  alcoholic  solution  of  moric 
acid  be  acidulated  with  hydrochloric  acid  and  treated  with  sodium 
amalgam,  it  acquires  an  intense  purple  color,  and  if  then  separated 

^  Morin  may  also  be  prepared  by  mixing  fustic  extract  with  an  equal  volume  of 
water  and  a  little  hydrochloric  acid,  decanting  the  clear  liquid,  and  lepeating  the 
treatment  till  the  washings  are  no  longer  yellow.  The  residue  of  crude  morin  is 
pressed,  powdered,  and  dried  in  the  air.  It  is  tlien  dissolved  in  hot  alcohol,  and 
one-tenth  of  hot  water  added,  when  free  morin  separates  on  cooling. 

^Herzig  {Ber.  xxviii.  293)  ascribes  to  morin  the  following  formula: 

O  OH 


^OH 


OH  CO 

It  is  supposed  to  be  quercetin  in  which  the  catechol  nucleus  has  been  displaced 
by  a  resorcinol  group. 
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from  the  excess  of  the  amalgam  and  concentrated,  purple  crystals 
are  obtained  of  isomorin,  a  body  said  to  be  isomeric  with 
morin/  The  solution  of  this  body  becomes  green  on  treatment 
with  an  alkali,  and  morin  is  gradually  reproduced  in  the  cold  and 
rapidly  on  boiling.  A  solution  of  isomorin,  when  treated  with 
alum,  becomes  intensely  fluorescent,  and  on  dilution  appears 
yellow  by  transmitted  and  uranium-green  by  reflected  light.  The 
alcoholic  solution  of  moric  acid  itself  becomes  highly  fluorescent 
on  addition  of  a  minute  proportion  of  alum  (1:8000),  a  character 
which  distinguishes  it  from  morintannic  acid,  and  has  been  sug- 
gested by  Goppelsroeder  as  a  delicate  test  for  aluminium.  When 
fused  with  caustic  potash  morin  yields  resorcinol,  phloro- 
g  1  u  c  o  1,  and  other  products. 

Moric  acid  presents  a  close  analogy  to  quercetin  in  many  of  its 
characters  and  reactions. 

Morintannic  Acid  or  Maclurin,  C^JJ^fi^  +  HgO,  forms  a  pale 
yellow  crystalHne  powder,  freely  soluble  in  water,  and  soluble  also 
in  alcohol,  wood  spirit,  and  ether.  It  becomes  anhydrous  at  130° 
and  melts  at  200°  C.  On  boiling  with  concentrated  caustic  potash 
lye,  or  heating  at  120°  with  dilute  sulphuric  acid,  it  splits  up  into 
protocatechuic  acid  and  phloroglucol.  With  ferric 
chloride,  morintannic  acid  yields  a  greenish  or  greenish-black 
precipitate.  When  boiled  with  hydrochloric  acid  it  yields  r  u  f  i- 
moric  acid,  a  substance  forming  brick-red  crystals  and  dis- 
solving in  ammonia  with  purple  coloration. 

On  heating  a  moderately  concentrated  solution  of  morintannic 
acid  with  zinc  and  diluted  sulphuric  acid,  it  rapidly  acquires  a  red 
color,  which  gradually  changes  to  orange,  and  then  contains 
phloroglucol  and  m  a  c  h  r  o  m  i  n,  C^^H^^^O^.  The  latter 
body  crystallizes  in  tufts  of  slender  needles,  only  slightly  soluble 
in  water  or  alcohol,  but  more  readily  in  ether.  Both  crystals  and 
solutions  of  machromin  become  blue  on  exposure  to  air  or  treat- 
ment with  oxidizing  agents.  On  adding  hj^drochloric  acid  the 
solution  yields  an  amorphous  blue  precipitate,  and  with  ferric  or 
mercuric  chloride  a  beautiful  violet  coloration,  gradually  changing 
to  blue.  In  strong  sulphuric  acid,  maclurin  dissolves  with  an 
orange  color,  changing  to  an  intense  green  on  heating.  The  color 
is  unchanged  by  dilution,  but  becomes  purple  on  adding  an  alkali. 
The  blue  substance  produced  by  the  action  of  oxidizing  agents  on 

^Benedikt  and  H  a  z  u  r  a  {Jour.  Chem.  /Sbc,  xlvi.  1179)  failed  to  obtain  the 
isomorin  of  Illaziwetz  and  Pfoundler. 
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machromin  is  said  to  contain  C^Jifiy  It  is  best  obtained  by  the 
employment  of  excess  of  ferric  chloride,  washing  the  blue  precipi- 
tate which  is  formed,  and,  after  drying,  washing  it  with  ether. 
It  dissolves  in  alcohol  to  form  a  solution  which  is  decolorized  by 
reducing  agents. 

A  decoction  of  old  fustic  has  a  bitter,  astringent  taste.  Alkalies 
and  lime-water  change  the  color  to  a  reddish-brown.  Acetic  acid 
renders  the  decoction  paler  and  brighter,  and  sulphuric,  nitric, 
.and  oxalic  acids  produce  slight  precipitates.  Chlorine-water  pro- 
duces a  slight  precipitate  and  reddish  coloration,  which  is  de- 
stroyed by  excess.  Alum  gives  a  bright  yellow  precipitate  with 
fustic  decoction;  stannous  chloride,  lead  acetate,  and  gelatin  yield 
golden  or  orange-yellow  precipitates.  Ferric  sulphate  produces  an 
olive-brown  coloration,  and  on  standing  a  brownish-black  precipi- 
tate falls. 

Old  fustic  with  an  alumina  mordant  dyes  wool  yellow,  and  with 
salts  of  iron  olive-green.  Brighter  colors  can  be  obtained  if  the 
morintannic  acid  be  first  removed  by  gelatin.  The  yellows  pro- 
duced by  fustic  become  orange  on  exposure  to  air  and  light,  and 
hence  it  is  now  rarely  employed  alone;  but  when  mordanted  with 
potassium  bichromate,  it  is  largely  used  for  the  yellow  constituent 
of  browns,  jet-blacks,  and  greens. 

Extract  of  fustic  is  liable  to  be  adulterated  with  dextrin, 
molasses,  zinc  sulphate,  alum,  glycerin,  sugar,  turmeric,  aniline 


Reagent. 

Turmeric. 

Fustic. 

Stannous  chloride. 

Reddish  precipitate. 

Light  yellow  precipitate. 

Acetate  of  lead. 

Chestnut  brown. 

Reddish  yellow. 

Ferric  sulphate. 

No  precipitate,  solution 
colored  brown. 

Black  precipitate;  solu- 
tion colored  brown, 
afterwards  turning 
olive  green. 

Caustic  alkalis. 

Brown  coloration. 

Dark  orange  coloration, 
but  no  precipitate. 

Mineral  acids. 

Red  coloration;  no  pre- 
cipitate; on  diluting  the 
coloration  disappears, 
and  the  dyestufF  separ- 
ates out  in  yellow  flakes. 

A  light  yellow  precipi- 
tate is  formed. 
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dyes,  and  alizarin  orange.  The  alum  and  zinc  sulphate  may  be 
detected  in  the  ash.  Turmeric  is  detected  by  its  property  of  dye- 
ing unmordanted  wool;  if  alum  were  present,  however,  fustic 
would  also  dye  directly,  and  the  above  reactions  may  be  carried 
out  to  distiuguisli  between  turmeric  and  fustic. 

The  difference  in  the  behavior  of  quercitron  and  fustic  extracts 
towards  alum  and  tin  salt  affords  us  some  points  for  the  possible 
detection  of  quercitron  in  extract  of  fustic.  A  slip  of  white 
woolen  cashmere,  10  cm.  by  20  cm.  dyed  in  a  mixture  of  0.5 
grm.  extract,  0.2  grm.  alum,  0.5  grm.  stannous  chloride,  0.5  grm. 
oxalic  acid  in  1  litre  water,  if  contrasted  with  dye-test  of  an 
extract  adulterated  with  quercitron  will  give  different  results, 
which  difference  manifests  itself  by  the  greater  intensity  of  color 
of  the  adulterated  extract.  If  a  swatch  of  the  same  size  be 
dyed  in  the  extracts  under  comparison,  but  with  alum  mordant 
alone,  the  adulterated  extract  will  give  weaker  colorings  than  the 
pure  extract  of  fustic. 

The  determination  of  saccharine  admixtures,  such  as  molasses, 
syrup,  dextrin,  is  carried  out  in  an  analogous  manner  as  stated 
when  dealing  with  logwood  extracts;  that  is,  by  extracting  the 
products  with  absolute  alcohol,  and  determining  the  sugar  or 
dextrin  in  the  residue. 

Fibres  dyed  with  old  fustic  become  orange  on  treatment  with 
hydrochloric  acid,  and  yield  an  orange  solution.  Nitric  acid  turns 
them  pale  yellow.  By  alkalies  and  ammonia  the  fibre  is  little 
changed  in  color,  though  in  the  latter  case  the  liquid  is  colored 
yellow.  An  acid  solution  of  stannous  chloride  changes  the  fibre  to 
orange,  the  solution  being  colorless.  Heated  with  ferric  chloride, 
the  color  of  the  fibre  is  changed  to  olive,  and  when  boiled  with 
aluminium  acetate  a  yellow  solution  is  obtained,  exhibiting  a 
bluish-green  fluorescence. 

Young  Fustic  or  Fustet  Wood,  notwithstanding  its  name,  is 
derived  from  quite  a  different  source  from  old  fustic.  It  occurs  in 
commerce  in  small  logs  or  crooked  branches,  that  imported  from 
the  Antilles  and  the  West  Indies  being  the  finest  quality. 

According  to  J.  Schmidt  {Jour.  Soc.  Dyers,  &c.,  ii,  148), 
fustet  wood  contains  a  substance  which  is  easily  broken  up  by  the 
action  either  of  dilute  acids  or  alkalies  into  a  kind  of  tannin 
(probably  sumac-tannin)  and  the  glucoside  fustin.  The  red 
and  brown  coloring  matters  described  by  older  investigators  were 
prol>ably  oxidation-products  or  phlobaphcnes  of  this  tannin.  The 
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fustin-tannide  may  be  prepared  by  treating  young  fustic  with  water, 
precipitating  impurities  by  an  acetic  acid  solution  of  lead  acetate, 
and  extracting  the  filtrate  with  acetic  ether.  It  forms  yellowish- 
white  needles,  easily  soluble  in  water,  alcohol,  and  ether.  The 
solution  gives  with  ammonia  brown,  and  with  potash  a  brownish- 
red  coloration,  and  reduces  Fehling's  solutiom.  When  dissolved 
in  a  little  warm  glacial  acetic  acid,  and  the  solution  diluted  with 
water,  yellowish-white  needles  of  the  glucoside  f  us  tin  are  ob- 
tained. This  substance  is  readily  soluble  in  boiling  water,  alcohol, 
and  alkalies,  but  only  sparingly  in  ether.  With  lead  acetate  it  gives 
a  yellow  and  with  cupric  acetate  a  brownish-yellow  precipitate, 
in  both  cases  readily  soluble  in  acetic  acid.  Ferric  chloride  gives 
a  green  coloration,  changing  through  violet-blue  to  red  on  adding 
dilute  soda.  When  warmed  with  dilute  sulphuric  acid,  fustic  is 
gradually  decomposed  into  a  s  u  g  a  r  and  f  i  s  e  t  i  n. 

Fisetin,  CggH^gOg,  may  be  obtained  more  readily  from  the  com- 
mercial extract  of  fustic  known  as  colinin,  which  is  prepared  by 
extracting  the  wood  with  very  dilute  caustic  soda  and  evaporating 
the  solution.  Fisetin  crj^stallizes  from  dilute  alcohol  in  small, 
lemon-yellow  prisms.  It  is  sparingly  soluble  in  ether,  benzene, 
petroleum  spirit,  chloroform,  and  boiling  water,  but  readily  in 
methyl  and  ethyl  alcohols,  and  in  ethyl  acetate.  Fisetin  does  not 
melt  below  360°,  but  may  be  partially  sublimed  in  small  needles. 
Fuming  sulphuric  acid  dissolves  it  with  formation  of  a  sulphonic 
acid.  Alkalies  and  alkali-metal  carbonates  turn  an  alcoholic  solu- 
tion of  fisetin  brownish-red,  and  render  it  fluorescent.  The 
absorption-spectrum  is  not  characteristic.  An  alcoholic  solution 
of  fisetin  gives  a  brilliant  orange-red  precipitate  with  lead  acetate, 
an  orange-yellow  with  stannous  chloride,  and  a  brown  precipitate 
with  cupric  acetate.  The  precipitates  in  each  case  are  readily 
soluble  in  acetic  acid.  Fisetin  reduces  Fehling's  solution  and 
ammoniacal  silver  nitrate  on  warming.  If  an  alcohol  solution  of 
fisetin  be  acidified  with  sulphuric  acid  and  treated  on  the  water- 
bath  with  sodium  amalgam,  the  liquid  acquires  a  beautiful  purple- 
red  color. 

When  heated  with  glacial  acetic  acid  and  sodium  acetate,  fisetin 
yields  a  hexacetyl-fisetin,  €2311^0  (€21130)309,  which 
crystallizes  in  white  needles  sparingly  soluble  in  boiling  alcohol, 
readily  in  chloroform,  and  melting  at  200°  to  201°  C. 

When  fisetin  is  dissolved  in  a  warm  saturated  solution  of  sodium 
carbonate,  a  sodium  derivative,  CjgHj^NaPg,  crystallizes 
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out  in  yellow  glistening  needles,  which  turn  greenish-black  on 
exposure  to  air.  When  fused  with  caustic  potash,  fisetin  yields 
phloroglucol  and  protocatechuic  acid. 

Fisetin  presents  a  close  resemblance  to  quercetin,  from 
which,  if  the  formula  of  Liebermann  and  Hamburger  for  the  latter 
be  correct,  it  only  differs  by  C02.^ 

A  decoction  of  young  fustic  gives  a  fine  orange  color  with  alka- 
lies, and  bright  orange  precipitates  with  lime  and  baryta  water, 
stannous  chloride,  and  lead  acetate.  Acids  give  it  a  greenish  hue. 
Ferric  sulphate  produces  an  olive-green,  and  cupric  acetate  a  dark 
red  precipitate. 

Young  fustic  gives  a  fine  orange  color  with  alumina  mordants, 
and  is  employed  in  conjunction  with  cochineal  and  lac-dye  in 
dyeing  scarlet,  the  mordants  being  tartar  and  stannous  chloride. 
It  is  also  used  for  dyeing  leather  orange-yellow.  The  colors  are 
not  so  fast  as  many  vegetable  yellows  and  oranges. 

On  the  fibre,  colors  dyed  with  young  fustic  are  unchanged  by 
hydrochloric  acid,  the  solution  becoming  pale  yellow.  Soda  and 
ammonia  turn  the  fibre  reddish-brown,  and  nitric  acid  dark  brown. 
Alcohol  and  an  acid  solution  of  stannous  chloride  have  no  action. 
Heated  with  ferric  chloride  the  fibre  becomes  olive. 

Weld  consists  of  the  leaves  and  other  parts  of  a  variety  of  mig- 
nonette. Luteolin,  the  coloring  matter  of  weld,  probably  has  the 
formula  CgoHj^Og,  and  forms  small  yellow  needles  having  an  astrin- 
gent, bitter  taste.  It  dissolves  slightly  in  cold  and  very  sparingly 
in  boiling  water,  but  is  more  soluble  in  alcohol.  It  dissolves 
readily  in  alkalies  with  deep  yellow  color,  and  in  cold  sulphuric 
acid  to  form  a  reddish-yellow  solution  precipitated  on  dilution 
with  water.  Ferric  chloride  employed  in  small  proportion  pro- 
duces a  green  coloration,  which  changes  to  brownish-red  on  adding 
excess  of  the  reagent.  Oxidizing  agents,  such  as  potassium  bi- 
chromate, turn  luteolin  a  brilliant  yellow.  On  fusion  with  potash, 
luteolin  yields  hydrogen,  protocatechuic  acid,  and 
much  phloroglucol. 

A  decoction  of  weld  is  pale  yellow  when  freshly  prepared,  but 
soon  becomes  turbid,  and  gives  a  greenish-brown  precipitate  con- 
taining iron.  It  is  slightly  acid,  and  turns  reddish  when  kept. 
Alkalies  change  the  color  to  a  golden  yellow,  and  baryta  water 

^According  to  Hlaziwetz  and  Pfoundler,  the  formula  of  quercetin  is 
C27H18O12.    Herzig  ascribes  to  it  the  formula  CigHjoOg. 
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precipitates  beautiful  yellow  flocks.  Alum  gives  only  a  slight 
yellow  precipitate,  but  lead  acetate  and  stannous  chloride  produce 
abundant  yellow  precipitates.  Gelatin  only  renders  the  liquid 
slightly  turbid,  while  ferric  sulphate  gives  an  olive-brown  colora- 
tion, and,  on  standing,  a  brown  precipitate.  Chlorine  changes 
the  color  of  a  decoction  of  weld  to  brown,  and  gives  a  flocculent 
precipitate;  an  excess  of  the  reagent  partially  decolorizes  the 
liquid.  Potassium  bichromate  changes  the  color  to  golden  yellow, 
and  then  gives  a  precipitate  in  yellow  plates.  Most  acids  render 
the  liquid  turbid,  but  nitric  acid  deepens  the  color,  without  pro- 
ducing any  precipitate. 

An  aqueous  solution  of  weld  dyes  wool,  mordanted  with  alum, 
a  fine  daffodil-yellow,  which  is  very  fast  to  light,  heat,  and  dilute 
acids. 

On  the  fibre,  colors  dyed  with  weld  are  little  affected  by  hydro- 
chloric acid,  though  the  solution  is  turned  pale  yellow.  Ammonia, 
alcohol,  nitric  acid,  boiling  lead  acetate,  and  an  acid  solution  of 
stannous  chloride  have  little  or  no  visible  action.  With  caustic 
soda  the  fibre  is  but  little  affected,  but  the  solution  becomes  pale 
yellow. 

Persian  or  Yellow  Berries  are  the  fruit  of  the  buckthorn  and 
other  species  of  Rhamnus  growing  in  the  east  and  the  south  of 
Europe.  They  are  about  the  size  of  peas,  shrivelled,  and  yellow- 
ish-green in  color.  When  old  or  injured  they  are  brown  or  black. 
The  flavor  of  yellow  berries  is  bitter  and  disagreeable,  and  the 
odor  unpleasant. 

Xanthorhamnin  or  Chrysorhamnin,  the  yellow  coloring  matter  of 
Persian  berries,  has,  according  to  Liebermann  and  Her- 
mann, the  formula  C^gH^p^o-  forms  golden  yellow  crystals, 
and,  when  boiled  with  dilute  sulphuric  acid,  or  even  when  simply 
heated  to  130°-160°  C. ,  it  is  hydrolyzed  into  rhamnetin  and 
the  saccharoid  body  iso-dulcitol  (see  vol.  i).  The  following 
formula  expresses  the  decomposition  which  is  stated  to  occur: — 

C,H„0.,  +  5H,0  =  2C„H,A  +  40,H,.O. 

Xanthorhamnin.  Rhamnetin.  Iso-dulcitol. 

Rhamnetin  crystallizes  from  water  containing  sulphuric  acid  in 
microscopic  needles,  and  from  phenol  in  distinct  yellow  needles. 

A  freshly  prepared  decoction  of  yellow  berries  has  a  brownish - 
green  color.  It  is  very  liable  to  ferment  and  become  ropy,  but 
the  change  may  be  prevented  by  addition  of  carlxdic  acid.  The 
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solution  is  brightened  or  rendered  slightly  turbid  by  acids,  while 
alkalies  change  the  color  to  orange.  Alum  weakens  the  color 
without  forming  a  precipitate,  and  chlorine  deepens  it  to  red,  or 
with  excess  changes  it  to  yellow.  Acetate  of  lead  renders  the 
decoction  of  yellow  berries  turbid  after  a  time,  and  other  metallic 
solutions  fail  to  produce  characteristic  changes. 

Persian  berries  give  bright  yellows  on  wool  and  cotton  with 
ahimina  or  tin  mordants.    Their  use  has  much  diminished. 

Saffron  consists  of  the  stigmata  of  the  flowers  of  Crocus  sativus, 
of  which  from  50,000  to  100,000  are  required  to  produce  1  lb. 
weight.    It  has  an  agreeable  odor,  and  a  bitter  pungent  taste. 

The  chemistry  of  saffron  has  been  recently  re-investigated  by  R. 
K  a y  s  e r  (Jour.  Soc.  Dyers,  &c. ,  i,  43).  The  essential  oil 
is  obtained  by  distilling  saffron  with  w^ater  in  a  current  of  carbon 
dioxide,  agitating  the  distillate  with  ether,  and  evaporating  the 
ether  in  an  atmosphere  of  carbon  dioxide.  It  is  a  very  mobile, 
nearly  colorless  liquid  of  the  terpene  class,  C^oH^g,  having  an 
intense  odor  of  saffron,  and  very  prone  to  absorb  oxygen  and 
become  thick  and  brown. 

If  saffron  be  treated  with  ether,  to  remove  the  fat  and  essential 
oil,  and  the  residue  treated  with  cold  water,  the  coloring  matter  is 
dissolved.  On  shaking  this  solution  with  purified  animal  charcoal 
the  color  is  rapidly  absorbed,  and  on  filtering  and  boihng  the 
charcoal  with  rectified  spirit,  it  again  passes  into  solution.  The 
filtered  liquid  yields  c  r  o  c  i  n  on  evaporation. 

Crocin,  so  obtained,  according  to  R.  Kayser  has  the  formula 
C^^H^oO^g.  It  forms  a  yellowish-brown  mass,  the  powder  of  which 
is  yellow.  It  dissolves  readily  in  water  and  dilute  alcohol,  but 
with  difficulty  in  absolute  alcohol  or  ether.  Concentrated  sul- 
phuric acid  dissolves  it  with  a  blue  color,  changing  to  violet,  cherry- 
red,  and  finally  to  brown.  Concentrated  nitric  acid  also  gives  a 
blue  coloration,  changing  to  brown,  but  hydrochloric  acid  dis- 
solves crocin  without  alteration. 

By  the  action  of  hot  lime  or  baryta  water,  or  even  hot  acetate 
of  lead  solution,  crocin  is  hydrolyzed  with  formation  of  a  glu- 
cose, crystallizing  in  rhombs,  and  a  bod}^  called  crocetin, 
C^^H^gOg.  The  latter  is  best  prepared  by  heating  crocin  with 
dilute  hydrochloric  acid  in  a  current  of  carbon  dioxide,  when 
crocetin  is  precipitated  as  a  red  powder,  scarcely  soluble  in  water, 
but  soluble  in  presence  of  an  alkali  with  orange  color,  and  repre- 
cipitated  on  adding  an  acid. 
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Picroavcin,  C^^H^fi^.,  is  obtained  in  bitter  j)rismatic  crystals, 
melting  at  75°,  and  soluble  in  water  and  alcohol,  on  extracting 
dried  saffron  with  ether  for  a  prolonged  time.  When  warmed  in 
aqueous  solution  with  a  dilute  acid,  lime  or  baryta  water,  or  lead 
acetate,  picrocrocin  splits  up  into  a  sugar  and  the  terpene  of  a 
saffron-odor  already  described. 

Saffron  is  too  expensive  to  use  in  dyeing,  but  is  employed  for 
coloring  pastry,  and  has  a  limited  use  in  medicine.  It  is  hable  to 
various  substitutions  and  adulterations,  which  are  classified  by 
J.  M.  Maisch  (Analyst,  x,  200)  as  those  derived  from  the  same 
plant  and  those  coming  from  other  sources.  The  stigmata  of 
which  genuine  saffron  consists  become  thinner  towards  the  leaves, 
terminate  in  a  yellow  thread,  and  three  are  generally  united.  Saffron 
styles  are  present  in  all  saffron  of  Spanish  origin  to  a  gi-eater  or  less 
extent,  and  crocus  stamens,  dyed  so  as  to  resemble  the  stigmata, 
are  also  met  with.  Fibres  of  shredded  beef  and  ham  are  said  to  be 
a  common  adulterant  in  Italy.  Such  an  addition  would  be  readily 
detected  by  the  microscope,  and  the  smell  produced  on  heating 
will  afford  a  preliminary  indication  of  their  presence.  The  corolla, 
tubes  of  the  crocus,  dyed  with  brazil-wood  or  santal-wood,  are  said 
to  be  frequently  used  for  adulterating  saffron.  Various  other  col- 
ored vegetable  products  are  referred  to  by  Maisch,  including  the 
calendula  florets  (marigold)  dyed  by  dinitrocresylate  of  sodium  ob- 
served by  J.  Biel.  This  fraud  may  be  detected  by  treating  the 
suspected  portions  of  the  sample  with  petroleum  ether,  which  is 
not  colored  by  genuine  saffron,  but  dissolves  the  coal-tar  color 
with  citron-yellow  color.  The  coloring  matter  from  santcd-wood 
is  not  taken  up  by  water,  but  dissolves  in  alcohol  with  red  and  in 
ammonia  with  purple-red  color.  Brazil-wood  will  tinge  the  water 
red  in  a  few  minutes,  the  color  becoming  pale  on  adding  acid  and 
deeper  with  ammonia,  but  the  infusion  will  not  be  blackened  by 
salts  of  iron. 

Safflower  and  red  poppy  have  also  been  observed  as  adulterants 
of  saffron.  In  the  latter  case  the  infusion  is  turned  grayish-green 
by  ammonia,  and  bright  red  by  nitric  acid.  Safflower  is  said  to 
be  80  commonly  substituted  for  saffron  in  some  parts  of  America 
that  the  genuine  substance  is  unknown  (Pharm.  Jour.  [3],  vi, 
950). 

Mineral  additions,  such  as  chalk,  gypsum,  barium  and  sodium 
sulphate,  emery,  &c.,  have  been  observed  as  adulterants  of  saffron, 
being  made  to  adhere  by  means  of  honey,  glucose,  or  glycerin. 
29 


450 


DYES  AND  COLORING  MATTEKS. 


The  ash  of  genume  saffron  of  good  quality  ranges  from  4  to  7  per 
cent.,  but  in  samples  of  Alicante  saffron  D.  Han  bury  {Pharm. 
Jour.  [3],  i,  241)  found  proportions  of  ash  varying  from  12  to  28 
percent.,  the  excess  being  due  to  mineral  adulterants.  J.  Ing- 
ham has  described  a  sample  of  saffron  containing  45  per  cent,  of 
mineral  impurity,  besides  a  quantity  of  crocus  stamens;  J.  Hart 
a  saffron  yielding  20  per  cent,  of  ash,  the  greater  part  of  which 
consisted  of  barium  sulphate;  and  Tanner  a  sample  containing 
a  considerable  quantity  of  a  red  ferruginous  earth.  M.  Adrian 
has  described  a  saffron  yielding  26.4  per  cent,  of  ash,  containing 
borate,  chloride,  sulphate  of  sodium,  and  carbonate  of  potassium, 
the  last  having  probably  been  derived  from  tartrates.  The  pres- 
ence of  ammonium  nitrate  was  also  suspected.  E.  M.  Holmes 
{Pharm.  Jour.  [3],  xix,  666)  met  with  an  adulterated  saffron  of 
excellent  odor  and  color,  which  immediately  colored  water  orange- 
yellow,  deflagrated  like  touch-paper  on  ignition,  gave  a  fusible 
ash,  and  yielded  the  brown  coloration  indicative  of  a  nitrate  with 
ferrous  sulphate  and  sulphuric  acid. 

G  r  i  s  p  o  found  vegetable  filaments  of  unknown  origin  in  saffron, 
together  with  water,  glucose,  and  barium  sulphate.  Kanoldt 
examined  a  factitious  saffron  that  consisted  entirely  of  an  alga, 
probably  i^Mcws  amylaceus,  which  had  been  weighted  wdth  a  colored 
mixture  of  chalk  and  honey. 

For  the  detection  of  mineral  adulterants  in  saffron,  D.  Han- 
bury  recommends  that  about  1  grain  of  the  sample  should  be 
treated  on  a  watch-glass  with  8  or  10  drops  of  water,  and  then 
lightly  touched  so  as  to  cause  the  water  to  wet  it.  Genuine  saffron 
will  yield  immediately  a  dear  bright  yellow  solution,  but  if  a  min- 
eral adulterant  be  present  a  white  powder  will  instantly  separate, 
and  will  render  the  liquid  turbid;  and  on  adding  hydrochloric  acid 
a  perceptible  effervescence  and  disappearance  of  the  turl)idity  will 
be  observed  if  a  carbonate  be  present,  whereas  the  pollen  from 
crocus  stamens  is  unaffected,  and  its  nature  can  be  recognized 
under  the  microscope.  If  it  be  desired  to  collect  the  adulterant, 
the  saffron  should  be  stirred  with  water  in  a  funnel  closed  at  the 
lower  end.  The  mineral  matter  will  settle  into  the  stem,  and  after 
removing  the  saffron  and  pouring  off  the  bulk  of  the  water,  can 
readily  be  washed  out  and  further  examined. 

If  genuine  saffron  be  scattered  on  the  surface  of  warm  w^ater,  it 
immediately  expands  into  a  characteristic  form,  readily  distin- 
guished from  crocus  stamens,  or  the  florets  of  saillower,  marigold, 
or  arnica. 
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According  to  the  German  Pharmacopoeia,  "if  1  part  of  saffron 
be  macerated  in  10  parts  of  water,  a  yellow-red  liquid  is  obtained 
free  from  sweet  taste,  and  which,  diluted  with  10,000  parts  of 
water,  has  a  distinct  yellow  color.  Saffron  on  being  dried  at  100° 
C.  should  lose  less  than  14  per  cent,  of  moisture,  and  on  being 
incinerated  ■  should  leave  not  more  than  8  per  cent,  of  ash." 
From  this  description  it  appears  that  1  grain  of  saffron  will  color 
7  gallons  of  water  distinctly  yellow.  * 

B.  S.  Proctor  (Pharm.  Jour.  [3],  xix.  801)  states  that  saffron 
is  best  assayed,  in  the  absence  of  other  coloring  matters,  by  com- 
paring the  color  of  the  infusion  with  that  of  a  solution  of  potassium 
bichromate.  1.4  grammes  of  this  salt,  dissolved  in  100  c.c.  of 
water,  is  said  to  furnish  a  liquid  of  the  same  tint  as  that  produced 
by  exhausting  0.1  gramme  of  genuine  saffron  by  several  alternate 
treatments  with  methylated  spirit  and  water,  and  diluting  the 
mixed  decoctions  to  100  c.c.  These  solutions  are  too  strong  for 
the  accurate  observation  of  the  color,  and  hence  should  be  further 
largely  diluted  before  comparing  the  tints.  1  c.c.  of  the  bichro- 
mate solution  should  be  measured  with  a  delicate  pipette,  and 
diluted  with  50  c.c.  of  water.  To  a  similar  quantity  of  water,  in 
another  tube,  sufficient  of  the  saffron  infusion  is  gradually  added 
from  a  graduated  pipette  to  render  the  color  similar  to  that  of  the 
bichromate  solution. 

Saffron  gives  a  fine  yellow  color  on  silk,  but  is  now  rarely  if 
ever  used  as  a  dye.  It  is  employed  in  medicine,  and  would 
probably  be  more  extensively  applied  if  the  price  were  lower. 

Annatto,  occasionally  called  arnotta  and  rocou,  is  mainly  com- 
posed of  the  pulp  surrounding  the  fruit  of  Bixa  orellana,  growing 
in  the  East  and  West  Indies  and  South  America.  The  two  chief 
kinds  which  reach  England  are  Spanish  annatto,  imported  from 
Brazil,  and  the  flag  or  French  annatto  which  comes  from  Cayenne. 
Brazil  annatto  occurs  in  cakes  or  rolls,  is  hard  and  dry,  brownish 
on  the  exterior  but  red  inside,  and  with  a  rather  agreeable  odor. 
Cayenne  annatto  is  a  soft  paste,  of  a  bright  yellow  color.  It 
often  has  a  repulsive  urine-like  odor,  said  to  be  due  to  the  actual 
addition  of  urine  to  keep  it  moist  and  impart  a  richer  color. 

Annatto  contains  two  yellow  coloring  matters,  bixin  and 
or  ellin. 

Bixin^  CggHg^Og,  the  properties  and  chemical  relationships  of 
which  have  been  very  imperfectly  examined,  may  be  prepared  by 
digesting  annatto  at  about  80'^  C.  with  rectified  spirit  and  sodium 
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carbonate.  The  filtered  liquid  is  treated  with  half  its  measure  of 
water  and  a  saturated  solution  of  sodium  carbonate.  The  preci- 
pitate, consisting  of  the  sodium  salt  of  bixin,  is  purified  by  re- 
solution in  weak  alcohol  and  precipitation  by  sodium  carbonate, 
and  is  then  decomposed  by  hydrochloric  acid.  Bixin  forms 
minute  yellow  leaflets  which  melt  at  176°.  It  is  insoluble  in 
water,  and  only  slightly  soluble  in  alcohol,  benzene,  carbon  disul- 
phide,  or  acetic  acid,  but  is  very  readily  soluble  in  ether. ^  Bixin 
forms  a  sodium  salt,  containing  C^gHggNaOg,  2  H^O,  which 
crystallizes  in  lustrous  red  needles,  very  soluble  in  water,  but  in- 
soluble in  alcohol  and  ether.  It  also  yields  a  compound  contain- 
ing CggHggNagOs,  ^  aQiia,  which  forms  a  dull  red  powder. 

According  to  some  observers,  bixin  reduces  Fehling's  solution 
even  in  the  cold,  but  according  to  others  it  has  no  action  even 
after  boiling  with  dilute  sulphuric  acid.  It  dissolves  in  strong 
sulphuric  acid  with  bright  blue  color,  and  on  dilution  with  water 
a  dark  green  precipitate  is  formed. 

Orellin  is  described  as  yellow,  soluble  in  w^ater  and  alcohol,  but 
insoluble  in  ether,  and  dyeing  cloth  mordanted  with  alum  yellow. 
It  is  probably  an  oxidation-product  of  bixin. 

Annatto  is  only  partially  soluble  in  water,  but  more  completely 
in  alcohol.  It  dissolves  readily  but  sometimes  imperfectl}^  in 
solutions  of  caustic  and  carbonated  alkalies,  of  borax,  and  of  soap, 
forming  liquids  of  orange  or  red  color,  which  furnish  orange-red 
precipitates  with  acids.  It  gives  orange  lakes  with  alumina  and 
ferrous  sulphate,  a  yellowish-brown  precipitate  with  salts  of  cop- 
per, and  a  lemon-yellow  with  tin  salts.  Concentrated  sulphuric 
acid  dissolves  annatto  with  deep  blue  color,  the  color  gradually 
changing  to  green  and  violet.  On  adding  water  a  deep  green  pre- 
cipitate is  formed. 

Commercial  annatto  varies  greatly  in  quality,  and  is  liable  to 
various  adulterations.  According  to  Wynter  Blyth,  a  fair 
commercial  sample  contained: — water,  24.2;  resin,  28.8;  ash, 
22.5;  and  extractive  matters,  24.5  per  cent.  An  adulterated 
sample  contained: — water,  13.4;  resin,  11.0;  ash  (oxide  of  iron, 
alumina,  silica,  chalk,  and  common  salt),  48.3;  and  extractive 
matters,  27. 3  per  cent.  Crace-Calvert  gives  the  average 
composition  of  inferior  Cayenne  annatto  as: — water,  72.25;  leaves, 
8.85;  starch,  mucilage,  and  woody  fibre,  18.30;  and,  coloring 
matter,  5.60  per  cent. 

^  Accordin^j^  to  some  authorities,  bixin  is  insoluble  in  ether,  but  readily  soluble 
In  alcohol 
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The  following  results,  obtained  by  the  analysis  of  commercial 
annatto,  have  been  recorded  by  W.  Law  son  {Pharm,  Jour.  [3], 
xvi,  645). 


No  OF 

Mois- 

Resin. 

Extrac- 

Total 

Soluble 

Remarks. 

Sample. 

ture. 

tive. 

Ash. 

ASH. 

1 

21.75 

3.00 

57.29 

17.96 

13.20 

Red  roll.  Ash  was  largely 

NaCl. 

2 

21.60 

2.90 

59.33 

16.17 

12.57 

Red  roll.   Ash  was  largely 

NaCl. 

20.39 

1.00 

65.00 

13.61 

7.50 

Red  roll.  Ash  large,  cliiefly 

NaCl  and  FeaOg. 

4 

69.73 

8.80 

19.47 

2.00 

Bright    red    paste.  Ash 
chiefly  NaCl. 

5 

18.00 

3.00 

58.40 

20.60 

10.00 

Red  roll.    3  per  cent,  of 

sand. 

6 

18  28 

1.80 

65.67 

14.25 

11.75 

Red  roll.   Contained  iron 

and  foreign  matters. 

7 

15.71 

5.40 

26.89 

52.00 

18.50 

Brown  cake.   Soluble  ash 
chiefly  K2CO3,  and  insol- 
uble CacOg. 

8 

38.18 

1.20 

20.82 

29.00 

20.00 

Brown  cake.   Very  offen- 
sive. Soluble  ash  chiefly 
K,CO,. 

9 

19.33 

5.99 

23.77 

51.00 

15.00 

Brown   cake.  Resembled 
No.  7. 

10 

29.50 

9.20 

28.50 

39.80 

13.80 

Brown   cake.  Resembled 
No.  7. 

The  resin  w^as  determined  by  drying  the  samples  at  100°  (the 
loss  of  weight  being  recorded  as  moisture)^  and  then  exhausting 
with  boiling  methylated  spirit.  The  alcohoHc  solution  was  evap- 
orated on  the  water-bath,  the  residue  dissolved  in  carbonate  of 
sodium,  and  the  solution  precipitated  by  a  very  slight  excess  of 
dilute  sulphuric  acid.  The  precipitated  resin  was  filtered  off, 
washed,  dried,  and  weighed.  The  ash  was  determined  by  ignition, 
and  the  extractive  matter  by  difference. 

The  samples  in  the  form  of  brown  cakes  gave  on  ignition  an 
ngreeable  odor  resembling  that  of  good  tobacco.  Most  of  the  red 
rolls  contained  abundance  of  starchy  matters,  this  in  No.  4  being 
largely  replaced  by  water.  The  cakes  all  gave  the  boric  acid  reac- 
tion for  turmeric,  and  all  except  No.  8  contained  large  quantities 
of  chalk. 

Besides  containing  the  adulterants  already  mentioned,  annatto 
is  liable  to  be  mixed  with  ochre,  brick-dust,  &c. 

The  coloring  power  of  annatto  is  best  ascertained  by  a  dye-assay 
in  a  bath  containing  soap  or  sodium  carbonate. 

Annatto  receives  a  limited  application  in  dyeing  and  calico- 
printing,  but  by  far  the  greater  part  is  employed  for  coloring 
butter  and  cheese. 
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Butter  colorings  are  now  numerous.  Among  the  substances  em- 
ployed for  the  purpose,  E.  Schmidt  {Jour.  Chem.  Soc. ,  xlvi, 
286)  enumerates  marigold  and  carthamus  flowers,  saffron  (?), 
carrot  juice,  and  turmeric.  More  recently  the  coal-tar  colors 
known  as  coralline  yellow  and  Victoria  yellow  are  said  to  have 
been  used,  as  also  dimethyl-amido-azobenzene.  Lead  chromate 
has  been  met  with  as  a  color  on  the  outside  of  cheese. 

Various  methods  have  been  described  for  the  recognition  of 
butter-colorings,  the  process  being  usually  based  on  the  solution 
of  the  butter-fat  in  ether  or  similar  solvents,  the  agitation  of  this 
liquid  with  alkali,  the  precipitation  of  the  dissolved  coloring 
matter  by  an  acid,  and  the  application  of  special  tests  to  the  pre- 
cipitate. 

To  extract  naphthalene-yelloiv  from  butter,  the  fat  should  be  sep- 
arated from  the  curd,  water,  &c.,  dissolved  in  ether,  and  the  solu- 
tion agitated  with  water,  to  which  dilute  ammonia  is  added  drop 
by  drop  until  present  in  slight  excess.  The  naphthalene  yellow 
or  other  added  coloring  matter,  e.  g.,  annatto,  turmeric,  saffron, 
&c.,  will  dissolve  in  the  ammoniacal  liquid.  Tarmeric  will  be 
indicated  by  the  formation  of  a  brownish  or  reddish  stratum  be- 
tween the  ethereal  and  aqueous  layers  before  they  are  thoroughly 
mixed  by  agitation. 

E.  W.  Martin  (Analyst,  xii,  70)  recommends  that  2  parts 
of  carbon  disulphide  should  be  gradually  added,  with  gentle  agita- 
tion; to  15  parts  of  alcohol  or  wood  spirit.  Five  grammes  of  the 
butter  to  be  tested,  which  need  not  be  previously  clarified,  is 
shaken  with  25  c.c.  of  the  solution  so  obtained.  On  standing  for 
a  few  minutes,  the  mixture  separates  into  two  layers,  the  lower  of 
which  is  a  solution  of  the  fat  in  carbon  disulphide,  while  the  upper 
alcoholic  stratum  will  be  yellow  if  any  artificial  coloring  matter  be 
present.  If  the  butter  be  but  slightly  colored,  a  larger  amount 
should  be  employed.  The  alcoholic  stratum  will  give  a  greenish 
coloration  with  nitric  acid,  and  a  red  with  hydrochloric  acid  and 
sugar  if  saffron  be  present.  A  brownish  color  with  ammonia 
indicates  turmeric,  and  a  blackish  coloration  with  silver  nitrate, 
marigold.  If  the  alcoholic  solution  be  evaporated  to  dryness,  and 
the  residue  treated  with  concentrated  sulphuric  acid,  auvatto  will 
be  indicated  by  a  greenish-blue,  and  saffron  by  a  blue  coloration. 
On  adding  a  few  drops  of  boric  acid  solution  (or  a  solution  of 
borax  to  which  sufficient  hydrochloric  acid  has  been  added  to  dis- 
tinctly redden  litmus),  and  again  evaporating,  turmeric  will  be 
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indicated  by  a  bright  brownish -red  coloration,  changed  to  blue, 
green,  or  violet  by  caustic  alkalies.  Dinitro-cresol  and  dinitro- 
naphthol  will  be  detected  by  treating  the  residue  with  ammonia, 
and  adding  excess  of  hydrochloric  acid,  when  a  light  yellow  crys- 
talline precipitate  will  be  'formed,  soluble  in  ether.  The  residue 
obtained,  on  evaporating  the  ethereal  solution,  is  soluble  in  alco- 
hol, and  after  dilution  with  water  the  hot  solution  will  dye  a  fibre 
of  silk  or  wool  yellow  without  a  mordant. 

R.  W.  Moore  has  pointed  out  (Analyst,  xi.  163)  that,  when  a 
butter  colored  with  carotin  is  dissolved  in  carbon  disulphide  and 
shaken  with  alcohol,  as  prescribed  by  Martin,  the  alcohol  remains 
colorless,  while  the  lower  layer  is  deeply  colored;  but  on  adding 
a  drop  of  a  dilute  solution  of  ferric  chloride  and  again  shaking,  a 
gradual  change  is  observed,  the  alcoholic  layer  becoming  distinctly 
yellow  and  the  bisulphide  solution  of  the  fats  quite  colorless,  or 
retaining  only  the  pale  yellow  color  due  to  the  natural  coloring 
matter  of  the  butter.    Excess  of  ferric  chloride  must  be  avoided. 

A.  R.  Leeds  {Analyst,  xii.  150)  has  described  a  general  method 
for  the  detection  of  butter-colorings.  He  recommends  that  100 
grammes  of  the  butter  should  be  dissolved  in  a  tapped  separator  in 
300  c.c.  of  petroleum  ether  of  about  0.638  specific  gravity.  The 
water,  etc.,  are  tapped  off,  and  ethereal  solution  of  the  fat  and 
coloring  matters  washed  several  times  by  agitation  with  water. 
The  ethereal  solution,  poured  off  from  any  stearin  which  may 
have  separated  on  standing,  is  then  shaken  with  50  c.c.  of  a  deci- 
normal  solution  of  caustic  potash  (5.61  grammes  of  KHO  per 
litre),  which  is  usually  sufficient  to  effect  the  solution  of  all  color- 
ing matters  capable  of  being  dissolved  by  dilute  alkali.^  The 
alkaline  solution  is  separated  from  the  ethereal  layer,  and  very 
cautiously  treated  with  dilute  hydrochloric  acid  until  faintly  acid 
to  litmus  paper.  The  precipitate,  consisting  of  coloring  matter 
mixed  with  a  little  fatty  acid,  is  filtered  off  and  washed  with  cold 
water.    If  desired,  it  may  be  weighed. 

The  following  table  shows  the  reactions  of  the  coloring  matters, 
isolated  in  the  above  manner,  when  two  or  three  drops  of  their 
alcoholic  solutions  were  treated  with  an  equal  measure  of  the 
reagents  (acids)  mentioned. 

^  Even  after  agitation  with  caustic  alkali  the  petroleum  ether  always  retains  a 
pale  yellow  color,  which  is  not  removed  or  lessened  by  repeating  the  treatment 
with  alkali.  This  is  due  to  the  natural  or  yellowish  color  of  the  butter  fat  itself, 
and  not  to  any  added  coloring  matters.  It  may  be  destroyed  without  any  sensible 
change  to  the  butter  fat. 
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Coloring 
Matters. 

Reaction  with 

Concentrated 
Sulphuric 
Acid. 

Concentrated 
Nitric  Acid. 

Mixed  Sul- 
phuric and 
Nitric  Acids. 

Concentrated 
Hydrochloric 
Acid. 

Annatto. 

Indigo-blue, 
changing  to 

Blue,  becoming 
colorless  on 
standing. 

Blue,  becoming 
colorless  on 
standing. 

No  change,  or 
merely  dirty 
yellow  or  brown 
color. 

Annatto  with 
decolorized 
hutter. 

Blue,  becoming 

slowly  chang- 
ing to  violet. 

Blue,  becoming 
green  and  col- 
orless. 

Decolorized. 

No    change,  or 

(jiiiy  u.li  J  Cl- 
io W. 

Turmeric. 

Rose-violet. 

Violet. 

Violet. 

Violet,  becoming 
yellow  on  evap- 
oration of  the 
acid. 

Turmeric  with 
decolorized 
butter. 

Violet,  Chang- 

inp"  to  "nnmlp 

Violet  to  red- 
dish-violet. 

Violet  to  red- 
dish-violet. 

Very  fine  violet. 

Saffron. 

Violet  to  cobalt 
blue,  chang- 
ing to  reddish- 
brown. 

Light  blue, 
changing  to 
light  reddish- 
brown. 

Light  blue, 
changing  to 
light  reddish- 
brown. 

Yellow,  changing 
to  dirty  yellow. 

Saffron  with  de- 
colorized but- 
ter. 

Dark  blue, 
rapidly  chang- 
ing  to  reddish- 
brown. 

Blue,  changing 
brown. 

Blue,  rapidly 
purple. 

Yellow,  becom- 
ing  dirtv  vpl- 

low. 

Carrot. 

Amber  brown. 

Decolorized. 

Decolorized, 

VV  1  LIl  1  trLl  1  HUltJo 

and  odor  of 
burnt  sugar. 

No  change. 

Carrot  with  de- 
colorized but- 
ter. 

Reddish-brown 
to  purple. 

Yellow  and  de- 
colorized. 

Yellow  and  de- 
colorized. 

Slightly  brown. 

Marigold. 

Dark  olive 
green,  not 
changing  in 
color. 

Blue,  instantly 
changing  to  a 
dirty  yellow- 
ish-green. 

Green. 

Green  to  yellow- 
ish-green. 

Saflflower. 

Light  brown. 

Partially  decol- 
orized. 

Decolorized. 

No  change. 

Aniline  yellow. 

Yellow. 

Yellow. 

Yellow. 

Yellow. 

Martins  yellow. 

Pale  yellow. 

Yellow-red  pre- 
cipitate; ma- 
genta at  mar- 
gin. 

Yellow. 

Yellow  precipi- 
tate, which  de- 
flagrates when 
treated  with 
ammonia  and 
heated. 

Victoria  yellow. 

Partially  decol- 
orized. 

Partially  decol- 
orized. 

Partially  decol- 
orized. 

Yellow  color  re 
turns  on  neU' 
tralizing  with 
ammonia. 
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The  butter-coloring  sold  as  "carottine"  is  apparently  a  solution 
of  1  part  of  annatto  in  4  parts  of  oil,  the  annatto  being  partially 
replaced  by  turmeric  for  the  hghter  shades.  "Orantia"  is  a  solu- 
tion of  annatto  and  carbonate  of  sodium  in  water. 

Carotin,  the  color^ing  matter  contained  in  the  root  of  the  carrot 
{Daucus  carota),  may  be  prepared  by  exhausting  the  finely-divided 
root  with  water,  precipitating  the  solution  with  tannin  and  a  little 
sulphuric  acid,  and  exhausting  the  washed  precipitate  with  boiling 
alcohol  at  80  per  cent.  This  takes  up  m  a  n  n  i  t  o  1,  CgHj^g,  and 
h  y  d  r  o  c  a  r  o  t  i  n,  a  body  closely  resembling  c  h  o  1  e  s  t  e  r  i  n. 
The  residue  insoluble  in  alcohol  is  treated  with  carbon  disulphide, 
the  resultant  solution  evaporated,  and  the  residue  treated  v.ith 
absolute  alcohol.  The  solution  obtained  yields,  on  concentration, 
a  precipitate  of  carotin  as  a  brownish-red  crystalline  substance  with 
a  metallic  reflection.  Pure  carotin  forms  rhombic  leaflets,  which 
appear  blue  in  reflected  and  red-orange  in  transmitted  light.  It  is 
soluble  in  benzene  and  carbon  disulphide,  but  insoluble  in  water  or 
hydrous  alcohol.  Carotin  is  decolorized  by  heat  or  exposure  to 
light.  It  dissolves  in  sulphuric  acid  with  an  indigo-blue  or  violet 
color,  while  sulphurous  acid  also  colors  it  indigo-blue.  With 
iodine  it  yields  a  derivative  of  a  deep  green  color  and  metallic  lustre. 

Husemann  attributed  to  carotin  the  formula  CjgH^^O,  but 
according  to  A  r  n  a  u  d  this  was  probably  an  oxidized  product,  the 
pure  substance  being  an  unsaturated  hydrocarbon  of  the  formula, 
CggHgg,  which  he  proposed  to  call  carotene.  This  latter  formula 
is  probably  incorrect,  as  no  other  colored  hydro-carbon  is  known. 

Carotin  appears  to  be  a  constant  and  normal  product  of  vege- 
table life,  and  to  be  frequently  present  in  the  leaves  of  the  most 
vigorous  plants,  and  consequently  those  that  are  the  most  intensely 
green,  its  presence  in  such  cases  being  masked  by  the  green  color 
of  the  chlorophyll.  It  may  be  detected  and  approximately  esti- 
mated by  carefully  drying  the  leaves  in  a  vacuum  over  sulphuric 
acid,  digesting  in  the  cold  for  ten  days  with  petroleum  spirit, 
evaporating  to  dryness  in  an  open  dish,  and  dissolving  the  residue 
in  a  little  carbon  disulphide.  The  i-esultant  solution  is  intensely 
red,  and  is  examined  colorimetrically  against  a  standard  solution 
of  pure  crystallized  carotin,  containing  0.010  gramme  per  litre. 
The  proportion  of  carotin  in  dry  leaves  often  approaches  0. 1  per 
cent.^    (M:  A.  Arnaud,  Jour.  Soc.  Dyei^s,  &c.,iu.  99.) 

^O.  Hesse  [Annalen,  cclxxi.  229)  considers  this  method  as  unreliable, 
especially  as  rubidin,  another  red  coloring  matter  has  been  shown  by  Negri  to 
exist  in  various  plants. 
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Turmeric  or  Indian  Saffron  is  the  tuber  or  underground  stem 
of  Curcuma  tinctoria  or  longa  and  C.  rotunda.  The  color  of  the 
roots  externally  is  generally  grayish,  but  in  the  interior  they  are 
usually  a  deep  yellow.^ 

According  to  John,  turmeric-root  contains: — yellowish  volatile 
oil,  1;  yellowish-brown  resin,  10  to  11;  brown  extractive  matter, 
with  dyeing  properties,  11  to  12;  gummy  matter,  14;  matter 
soluble  in  alkalies,  including  earthy  salts,  57;  and  moisture,  loss, 
etc.,  7  to  5  per  cent.  The  presence  of  starch  is  not  indicated  in 
this  analysis,  though  turmeric-root  contains  a  sufficient  proportion 
for  iodine  solution  to  change  the  whole  color  from  j^ellow  to  blue. 

The  powder  of  turmeric  has  a  strong  odor  and  a  very  bright 
orange  color.  The  taste  is  bitter  and  aromatic.  Cold  water  dis- 
solves but  little  coloring  matter,  but  boiling  water  extracts  a  larger 
quantity.  Alcohol  dissolves  the  coloring  matter  freely,  and  like- 
wise takes  up  the  greater  part  of  tlie  resin. 

Curcumin,  C^^H^p^,^  is  prepared  by  F.  W.  Daube  by  steaming 
powdered  turmeric  to  remove  the  volatile  oil,  washing  with  boiling 
water  till  the  washings  are  no  longer  colored,  drying,  and  extract- 
ing the  residue  with  a  large  quantity  of  boiling  benzene.  The 
solution  is  evaporated  to  the  cr3^stal]izing  point,  the  crystals  dis- 
solved in  spirit,  the  solution  precipitated  with  basic  lead  acetate, 
and  the  lead  compound  decomposed  by  sulphuretted  hydrogen. 
The  product  is  recrystallized  from  boiling  alcohol.  Another 
method  is  to  exhaust  ground  tumeric  with  carbon  disulphide  to 
remove  the  volatile  oil  and  resinous  matters,  and  treat  the  residue 
with  weak  caustic  alkali.  On  neutralizing  the  alkaline  solution 
with  an  acid,  the  curcumin  is  precipitated,  and  after  drying  may 
be  recrystallized  from  ether. 

According  to  Jackson  and  Menke  (Amer.  Chem.  Jour.,  iv. 

^Tlie  principal  commercial  varieties  of  turmeric  are: — Chinese,  consisting  of 
many  central  rhizomes  with  well-developed  branches;  Bengal,  mostly  in  slender 
branches  of  a  deep  reddish  tint;  Java,  which  consists  of  rather  small  tubers  and 
branches  that  are  often  transversely  and  longitudinally  cut;  and  Cochin,  turmeric, 
in  sections  or  slices  of  a  larger  tuber,  some  being  marked  with  rather  large 
depressed  stem-scars. 

■•'The  following  structural  formula  has  been  assigned  to  this  substance  : 


Ciamician  and  Silber  {Ber.,  xxx.  192)  adopt  the  formula  of  Ciglli^O^- 
(00113)2  as  correct  for  curcumin. 
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77,  and  Jour.  Chem.  Soc,  xlii.  1107)  ciircumin  may  be  obtained 
pure  by  treating  ground  turmeric-root  with  petroleum  spirit  to 
remove  the  volatile  oil,  and  then  with  ether,  which  dissolves  the 
curcumin  together  with  a  large  quantity  of  resin.  The  product  is 
purified  by  crystallization  from  alcohol.  Thus  prepared,  curcumin 
crystallizes  from  hot  alcohol  in  stout  needles  or  shining  prisms, 
which  have  an  orange  or  red  color  and  a  beautiful  blue  reflection. 
Curcumin  is  odorless  when  pure,  melts  at  178°  C,  and  is  only 
slightly  soluble  in  water,  even  when  boiling.  It  is  difficultly 
soluble  in  cold  but  more  readily  in  boiling  alcohol,  and  is  also 
soluble  in  ether,  the  solution  exhibiting  a  strong  green  fluores- 
cence. It  is  also  soluble  in  wood  spirit  and  glacial  acetic  acid,  but 
only  slightly  so  in  benzene  or  carbon  disulphide,  and  is  all  but 
insoluble  in  petroleum  spirit.  Strong  sulphuric  acid  dissolves 
curcumin  with  a  fine  reddish-purple  color,  gradually  changing  to 
black  from  charring,  and  the  same  effect  is  produced,  though  more 
slowly,  by  strong  hydrochloric  acid. 

Curcumin  dissolves  readily  with  a  reddish-brown  color  in  solu- 
tions of  caustic  and  carbonated  alkalies,  and  to  a  slight  extent 
when  boiled  with  water  and  calcium  carbonate.  The  ammoniacal 
solution  gives  off  ammonia  when  boiled,  and  deposits  curcumin. 
On  adding  a  large  excess  of  strong  alcoholic  potash  to  a  hot  alco- 
holic solution  of  curcumin,  the  potassium  salt,  C^fl^J^fl^, 
separates  in  glol)ular  radiated  groups  of  flame-colored  crystals, 
which  assume  a  claret  color  when  dried.  The  precipitation  may 
be  made  more  perfect  by  adding  ether,  in  which  the  new  com- 
pound is  nearly  insoluble,  though  soluble  in  alcohol  and  freely  so 
in  water.  On  exposure  to  air,  the  alcoholic  solution  of  potassium 
curcumate  assumes  a  magenta  color,  probably  from  oxidation. 
When  excess  of  potassium  carbonate  is  added  to  a  hot  solution  of 
curcumin  in  absolute  alcohol,  the  acid  salt,  C^^H^gKO^,  is 
formed,  and  on  adding  ether  separates  in  crimson-black  flocks 
resembling  magenta.  The  solution  gives  colored  precij^itates  with 
metallic  salts. 

By  treatment  with  chromic  acid  mixture  curcumin  is  completely 
oxidized  to  acetic  and  carbonic  acids,  without  any  terephthalic 
acid  being  formed.  By  oxidation  with  permanganate  in  alkaline 
solution  it  yields  vanillin. 

In  consequence  of  the  sensitiveness  of  curcumin  to  alkalies,  tur- 
meric is  sometimes  used  as  an  indicator  of  alkalinity.  The  yellow 
color  is  restored  by  very  weak  acids,  and  hence  turmeric  has  been 
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proposed  for  titrating  fatty  acids,  for  which  purpose,  however, 
phenol-phthalein  is  better  adapted  (see  vol.  ii. ;  and  R.  T.  Thom- 
son, Jour.  Soc.  Chem.  Ind.,  vi,  195)/  The  alcohohc  solution  of 
turmeric  exhibits  a  well-marked  fluorescence. 

The  most  characteristic  reaction  of  curcumin  and  turmeric  is 
that  with  boric  acid.  If  an  alcoholic  solution  of  turmeric  or 
curcumin  be  mixed  with  one  of  boric  acid,  it  becomes  a  deep  red 
color,  distinct  from  that  produced  by  alkalies.  A  convenient  way 
of  applying  the  test  is  to  place  a  small  disk  of  filter-paper,  about  1 
inch  in  diameter,  in  the  turmeric  tincture,  and  evaporate  the  latter 
to  dryness  at  100°.  On  the  paper  is  then  poured  an  aqueous 
solution  of  boric  acid,  or  a  solution  of  borax  to  which  sufficient 
hydrochloric  acid  has  been  added  to  render  it  distinctly  acid  to 
litmus.  The  red  color  will  probably  be  at  once  developed,  but  if 
not  will  become  apparent  on  evaporating  the  liquid  to  dryness. 
On  now  adding  a  drop  of  caustic  alkali,  a  very  beautiful  series  of 
colors  will  be  produced,  green  and  purple  being  the  most  promi- 
nent.^ On  adding  hydrochloric  acid  a  red  color  is  produced  which 
is  again  turned  green  and  blue  on  addition  of  excess  of  alkali. 

The  reaction  of  curcumin  with  boric  acid  appears  to  be  due  to 
the  formation  of  a  substance  called  by  Schlumberger  roso- 
c  y  a  n  i  n,  which  may  be  prepared  by  treating  an  alcoholic  solution 
of  curcumin  with  boric  and  sulphuric  acids.  The  liquid  acquires 
a  deep  red  color,  which  changes  gradually  in  the  cold,  and  rapidly 
on  heating,  to  dark  red,  orange,  and  finally  to  yellow.  Hence  the 
operation  should  be  arrested  when  a  sample  is  found  to  become 
blue  on  adding  ammonia.  The  impure  rosocyanin  crystallizes 
out  as  the  solution  cools.  When  pure,  it  forms  dark  red  needles 
with  a  green  reflection,  and  is  insoluble  in  water,  ether,  or  ben- 
zene. The  alcoholic  solution  has  an  intense  rose-red  color,  but 
rapidly  changes.  It  is  turned  blue  by  ammonia,  the  original 
color  returning  on  adding  an  acid.  The  alkaline  solution  becomes 
gray  on  exposure  to  air,  and  gives  blue  precipitates  with  lime  or 
baryta  water. 

Turmeric  is  not  employed  alone  as  a  dye  for  fabrics  (except  in 
China),  but  is  used  to  some  extent  in  certain  mixed  colors  known 
as  "sour  browns."    It  is  one  of  the  few  coloring  matters  for  which 

'  Turmeric  is  also  applicable  in  the  presence  of  ammonia,  to  which  it  is  not 
sensitive. 

^  In  1874,  the  author  recommended  this  mode  of  operating  to  etiect  the  detec- 
tion of  turmeric  in  mustard  {Chem.  News,  xxx,  116). 
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cotton  has  a  strong  attraction.  Cotton  may  be  dyed  without  a 
mordant  by  heating  in  a  bath  of  turmeric  at  60°.  Turmeric  is 
also  employed  in  paper-staining,  and  for  dyeing  wood  and  leather; 
also  as  a  coloring  for  butter,  cheese,  pastry,  etc.  It  is  an  import- 
ant ingredient  of  curry  powder. 

Powdered  turmeric  is  sometimes  adulterated  with  starch  and 
mineral  matters.  The  ash  should  not  exceed  5  to  6  per  cent. 
Common  salt  is  added  to  turmeric  to  give  it  a  brighter  appearance, 
but  interferes  with  some  of  its  uses.  Turmeric  should  be  quite 
dry.  If  damp  it  becomes  yellowish-brown,  and  is  rendered  unfit 
for  its  chief  applications.  The  characteristics  of  good  turmeric 
are  a  rich,  deep,  but  bright,  orange  color,  and  a  strong  aromatic, 
rather  pungent  odor.  Turmeric  may  be  assayed  by  dyeing  equal 
weights  of  white  woolen  cloth  at  60°  C.  with  solutions  of  equal 
weights  of  the  samples,  using  no  mordant.  The  dyed  pieces  are 
examined  for  depth  of  color,  and  also  held  horizontally  in  front  of 
a  window  and  viewed  along  the  surface.  In  this  position  cloth 
dyed  with  good  turmeric  shows  a  beautiful  golden  lustre,  on  the 
purity  of  which  its  value  for  many  purposes  depends,  as  for  the 
yellow  cotton  warps  of  figured  table-covers. 

On  the  fibre,  turmeric  is  turned  reddish-brown  by  hydrochloric 
acid,  or  an  acid  solution  of  stannous  chloride,  without  the  solution 
becoming  colored.  Caustic  soda  and  ammonia  turn  the  fibre 
bright  reddish-brown,  the  solution  becoming  brownish-orange. 
Alcohol  extracts  the  color,  producing  an  orange  or  yellow  solution 
with  green  fluorescence.    Nitric  acid  turns  the  fibre  pale  yellow. 

Gamboge  is  a  gum-resin  produced  by  trees  growing  in  various 
parts  of  the  Malay  peninsula.  It  occurs  in  cylindrical,  hollow,  or 
solid  rolls,'  longitudinally  striated  on  the  surface,  and  either  dis- 
tinct or  more  or  less  agglutinated  or  folded  together  in  masses. 
Externally  it  is  brownish-yellow,  and  is  covered  with  a  yellow 
powder.  When  broken  it  exhibits  a  vitreous  or  conchoidal  frac- 
ture, the  fractured  surface  being  opaque,  smooth,  glistening,  and 
of  a  uniform  reddish-yellow  color.  The  powder  is  bright  yellow, 
and  forms  a  yellow  emulsion  with  water.  Although  nearly  with- 
out odor  at  the  ordinary  temperature,  gamboge  evolves  a  very 
peculiar  smell  when  heated.    The  taste  is  at  first  scarcely  per- 

^The  cylindrical  variety  of  gamboge  is  produced  by  running  the  juice  into 
bamboo-canes.  On  drying,  the  gamboge  contracts,  and  consequently  holes  are 
often  seen  through  the  middle  of  the  cylinders.  Inferior  gamboge  often  occurs 
in  irregular  masses  weighing  several  pounds. 
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ceptible,  but  after  a  time  it  produces  a  sharp  acrid  sensation  in  the 
throat.  Gamboge  acts  as  a  drastic  purgative,  and  is  the  active 
constituent  of  a  well-known  patent  pill. 

Gamhogin  or  Gambogic  Acidj  the  resin  of  gamboge,  according  to 
B  u  c  h  n  e  r  has  the  formula  C^^H^fi^.  It  may  be  obtained  by 
precipitating  the  filtered  alcoholic  solution  of  gamboge  by  water, 
treating  the  dried  precipitate  with  ether,  and  evaporating  the 
ethereal  solution.  It  may  be  obtained  less  pure  by  treating  the 
original  gamboge  with  ether.  Gamboge  is  a  transparent,  vitreous 
brittle  resin,  breaking  with  a  conchoidal  fracture.  The  color  is 
hyacinth-  or  orange-red,  and  the  powder  bright  yellow.  It  softens 
on  heating  and  melts  at  75°-80°  C,  solidifying  to  a  glassy  mass 
on  cooling.  It  is  tasteless,  and,  according  to  Hurst,  has  no  purga- 
tive action.  Gamboge-resin  is  readily  soluble  in  alcohol,  ether, 
and  chloroform,  but  is  only  slightly  soluble  in  petroleum  spirit. 
Gambogin  has  well-marked  acid  properties,  .decomposing  carbon- 
ates of  the  alkali-metals  at  a  boiling  heat.  It  dissolves  in  caustic 
alkalies  with  orange-red  color,  and  is  precipitated  in  gelatinous 
flakes  on  acidulating  the  solution.  On  adding  excess  of  common 
salt  to  the  solution  of  gambogin  in  caustic  soda,  the  sodium 
salt  is  thrown  dow^n  as  a  red  precipitate. 

The  wax,  the  portion  of  gamboge  insoluble  in  ether  but  dissolved 
by  alcohol,  is  described  by  H  u  r  s  t  as  a  soft  brownish  substance, 
melting  readily  and  having  slight  bitter  taste,  and  persistent  bitter 
after-taste,  with  slight  purgative  action.  It  is  soluble  in  caustic 
soda  with  brownish-yellow  color,  being  reprecipitated  on  adding 
an  acid. 

The  gum  of  gamboge,  according  to  G.  H.  Hurst,  is  a  transparent, 
brownish  mass,  having  a  sweetish  taste  and  slightly  adhesive  prop- 
erties. It  is  soluble  in  water  to  form  an  opalescent  solution,  ren- 
dered clear  by  acids,  and  which  is  not  precipitated  by  basic  lead 
acetate,  ferric  chloride,  mercuric  chloride,  borax,  or  alcohol.  It 
appears  to  be  a  glucoside. 

Gamboge  dissolves  in  alcohol,  in  ether,  and  in  ammonia.  The 
ammoniacal  solution  produces  a  red  precipitate  with  salts  of  bar- 
ium, yellow  with  those  of  zinc,  reddish-yellow  with  lead  acetate, 
and  brownish-yellow  with  silver  nitrate. 

The  following  analyses  by  Christison  indicate  the  composi- 
tion of  commercial  gamboge: — 
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Pipe  Gamboge 

FROM  SlAM. 

Cake  Gamboge 

FROM  SlAM. 

Ceyi.on  Gamboge. 

Resin,  

74.2 

71.6 

64.3 

65.0 

68.8 

71.5 

72.9 

75.5 

Gum,  

21.8 

24.0 

20.7 

19.7 

20.7 

18.8 

19.4 

18.4 

Amylaceous  matter,  . 

6.2 

5.0 

Woody  fibre, 

4.4 

6.2 

'6.8 

'5.7 

4.3 

"0.6 

*4.8 

"4.8 

4.0 

4.6 

4.6 

4.8 

100.8 

100.4 

99.6 

100.5 

100.9 

96.0 

96.6 

99.3 

A  sample  of  gamboge  recently  analyzed  by  G.  H.  Hurst 
(Pharm..  Jour,  [3],  xix,  761)  contained: — moisture,  2.50;  mineral 
matter,  1.05;  resin,  soluble  in  ether,  66.05;  wax,  soluble  in  alco- 
hol, 4.31;  and  gum,  26.03  per  cent.;  total,  99.94. 

Commercial  gamboge  is  liable  to  adulteration  with  mineral 
matters  and  starch.  The  ash  should  not  much  exceed  1  per  cent. 
Starch  may  be  detected  by  exhausting  with  alcohol,  boiling  the 
residue  with  water,  and  adding  iodine  to  the  cooled  liquid,  when 
the  well-known  blue  coloration  will  be  produced  if  starch  be 
present.  An  emulsion,  made  by  boiling  the  powdered  sample 
with  water,  gives,  after  cooling,  a  green  coloration  with  iodine  in 
the  presence  of  starch.  It  will  be  observed  that  the  analyses  of 
Christison  of  cake  gamboge  from  Siam  show  a  small  proportion  of 
starch. 

Gamboge  is  not  employed  as  a  dye.  It  has  a  limited  use  in 
medicine  as  a  purgative,  and  is  employed  as  a  yellow  pigment  in 
water-color  painting. 

Dyes  of  Animal  Origin. 

The  coloring  matters  contained  in  the  blood,  bile,  and  urine 
receive  no  practical  application,  and,  so  far  as  they  require  descrip- 
tion, will  be  more  conveniently  considered  in  the  sequel.  Exclu- 
sive of  coloring  matters,  such  as  murexide  and  prusslan  blue,  which 
are  prepared  by  complex  chemical  reactions  from  substances 
originally  obtained  from  animals,  the  only  dyes  of  animal  origin 
which  require  description  are  cochineal,  lac-dye,  and  hermes.  These 
are  derived  from  three  distinct  species  of  a  peculiar  tribe  of  insects 
called  Coccina. 

Cochineal  is  the  female  of  the  Coccus  cacti,  an  insect  which 
lives  and  propagates  on  certain  kinds  of  cacti,  especiall}^  the 
nopel,  or  Cactus  opuntia,  a  plant  which  grows  wild  in  Mexico, 
though  the  insects  collected  from  the  cultivated  plant  are  the 
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superior.  The  weight  of  the  dried  insect  is  about  0.1  grain,  and 
hence  70,000  are  required  to  produce  1  lb.  of  cochineal.  The  two 
chief  varieties  of  cochineal  are  the  white  or  silver  grain,  and  the 
black  grain.  A  third  inferior  variety,  called  the  granilla,  consists 
of  very  small  insects,  probably  unimpregnated  females.  The 
silver  grain,  which  is  the  finest  kind  of  cochineal,  probably  con- 
sists of  young  females  after  impregnation,  and  the  black  grain  of 
the  mothers  after  the  eggs  have  been  laid.  According  to  other 
descriptions,  the  color  of  the  grains  depends  on  the  method  em- 
ployed for  killing  and  drying  the  insects  (see  Jour.  Soc.  Chem.  Ind., 
i.  181). 

Carminic  Acid,  Cj^H^gOjo,  the  color-principle  of  cochineal,  is  pre- 
pared by  Schiitzenberger  by  washing  the  cochineal  grains 
(insects)  with  ether,  to  remove  fat,  and  then  treating  them  several 
times  with  warm  water.  On  treating  the  filtered  liquid  with  a 
slightly  acid  solution  of  lead  acetate,  the  whole  of  the  coloring 
matter  is  thrown  down  as  a  violet-blue  precipitate.  The  concen- 
trated filtrate  deposits  crystals  of  tyrosine,  while  the  precipi- 
tate consists  of  carminate  and  phosphate  of  lead,  with  a  little 
nitrogenous  matter.  This  is  removed  by  thorough  washing  with 
water,  and  the  purified  precipitate  is  suspended  with  warm  water 
and  treated  with  barely  sufficient  sulphuric  acid  to  decompose  the 
lead  carminate,  leaving  the  phospliate  unattacked.  The  solution 
of  the  carminic  acid  thus  obtained  is  evaporated  to  dryness  at  a 
temperature  not  exceeding  40°-50°  C,  and  residue  dissolved  in 
absolute  alcohol,  which  on  evaporation  and  cooling  yields  the 
carminic  acid  in  crystals.  It  may  be  further  purified  by  dissolv- 
ing it  in  water,  filtering,  evaporating,  and  recrystalhzing  the  resi- 
due from  absolute  alcohol  or  ether. 

Carminic  acid  is  a  purple  substance  soluble  in  water,  alcohol, 
carbon  disulphide  and  benzene,  and  slightly  soluble  in  ether.  It 
does  not  melt  or  decompose  at  135°  C,  and  dissolves  without 
decomposition  in  strong  sulphuric  and  hydrochloric  acids.  Chlor- 
ine, bromine,  and  iodine  readily  destroy  carminic  acid,  and  nascent 
hydrogen  reduces  it  to  a  leuco-body,  which  again  becomes  red  on 
exposure  to  air. 

The  formula  of  carminic  acid,  according  to  Schiitzenberger,  is 
CgllgOg,  but  H  1  a  s  i  w  e  t  z  and  r  a  b  o  w  s  k  i  obtained  potas- 
sium and  barium  salts  corresponding  to  Cj^H^gO^o,  and  found  that 
when  boiled  with  dilute  acids  carminic  acid  wa,s  split  up  into  a 
sugar  and  carmine-red,  a  purple-red  substance,  which  appears 
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green  by  reflected  light,  and  is  cinnabar-red  in  powder.  It  is  in- 
soluble in  ether,  but  soluble  in  water  and  alcohol  with  red  color.  ^ 

Carminic  acid  dissolves  in  caustic  alkalies  with  beautiful  red 
color. ^  Sodium  carminate  crystallizes  in  purple  plates.  An 
aqueous  solution  of  carminic  acid  gives  purple  precipitates  with 
baryta  and  lime  water,  barium  chloride,  lead  acetate,  and  cupric 
acetate;  with  stannic  chloride,  a  red  precipitate;  and  with  potas- 
sium oxalate  or  acid  tartrate,  an  orange-red  precipitate.  Alumina 
removes  the  whole  of  the  coloring  matter  from  an  aqueous  solution 
of  carminic  acid,  yielding  a  fine  red  lake,  which  when  heated  be- 
comes crimson  and  purple.  The  addition  of  aluminium  acetate 
or  a  little  acid  to  the  lake  produces  the  same  change  of  color. 

A  decoction  of  cochineal  behaves  with  reagents  somewhat  differ- 
ently from  a  solution  of  pure  carminic  acid,  owing  to  the  presence 
of  phosphates,  tyrosine,  etc.  Acids  produce  a  slight  precipitate, 
and  change  the  color  to  a  yellowish-red,  while  alkalies  change  it  to 
violet.  Lime-water,  salts  of  copper,  lead  and  zinc,  and  stannous 
chloride  free  from  excess  of  acid  give  violet  precipitates,  while 
stannic  chloride  give  a  scarlet  coloration.  Ferrous  sulphate  pro- 
duces a  violet-gray  coloration  and  precipitate,  and  ferric  acetate  a 
brown  precipitate,  changing  to  olive-green.  Alum  changes  the 
color  of  a  solution  of  cochineal  to  red,  a  precipitate  being  also 
formed;  while  aluminium  chloride  produces  a  reddish- violet  pre- 
cipitate, the  supernatant  liquor  becoming  crimson. 

By  heating  carminic  acid  or  carmine  to  200°  C.  with  w^ater  or 
dilute  hydrochloric  acid,  or  to  140°  with  strong  sulphuric  acid,  an 
insoluble  red  body  called  ruficarmine  or  ruficoccin  is 
formed. 

Cochineal  is  somewhat  liable  to  adulteration.    A  fraud  said  to 

^Miller  and  Rohde  have  corrected  the  formula  for  carminic  acid  to 
CiiHjjOe,  or  stracturally: 

CHs  (0H)2 


(OH), 

^  Carminic  acid  is  at  times  useful  as  an  indicator;  it  is  more  sensitive  to  the 
bicarbonates  of  the  alkaline  earths  than  litmus.  According  to  Draper  it  gives 
a  reaction  with  alkalies  in  solutions  of  1  :  1,400,000.  It  has  also  been  recom- 
mended as  a  precipitant  for  albumins  and  proteoses,  it  being  claimed  that  1  part 
of  albumin  in  90,000  parts  of  solution  is  readily  detected. 
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be  commonly  practised  at  certain  places  consists  in  removing  part 
of  the  coloring  matter  by  a  short  immersion  in  water.  After  re- 
drying,  the  partially  exhausted  material  is  sold  as  "black  cochi- 
neal," or  faced  by  agitation  with  talc,  sulphate  of  barium,  or 
sulphate  of  lead,  and  sold  as  "  white  cochineal. "  On  powdering 
such  a  sample  and  treating  it  with  water,  the  mineral  adulterant 
will  fall  to  the  bottom  of  the  liquid.  Black  iron  sand,  to  the 
amount  of  12^  per  cent.,  has  been  recorded  as  an  adulterant  of 
black  Teneriffe  cochineal  (Jour.  Soc.  Chem.  Ind,,  i,  144);  and 
graphite  and  black  oxide  of  manganese  are  other  probable  adulter- 
ants. According  to  L  o  e  w  e,  genuine  cochineal  leaves  only  0.5  to 
0.6  per  cent,  of  ash  on  ignition. 

In  other  cases  the  cochineal  is  subjected  to  an  atmosphere  of 
dry  steam,  and  when  the  grains  have  swollen  and  become  damp 
from  the  exudation  of  an  adhesive  juice  they  are  rotated  in  a  drum 
with  the  mineral  adulterant,  of  which  they  take  up  from  10  to  12 
per  cent.  On  re-drying,  the  grains  shrink  up  and  assume  their 
original  appearance  (Loewe,  Pharm.  Jour.  [3],  xiii.  590). 

The  specific  gravity  of  cochineal  is  a  useful  preliminary  test  of 
quality.  Heavy  samples  are  always  inferior  or  adulterated.  Par- 
tially exhausted  cochineal  is  always  deeply  wrinkled,  and  does  not, 
when  treated  with  water,  take  up  moisture  equally,  so  that  some 
of  the  insects  or  "grains"  float,  and  others  become  only  partly 
submerged. 

To  detect  cochineal  in  alimentary  substances,  E.  Lagorce  re- 
commends that  the  substance  should  be  dissolved  in  water  or  weak 
alcohol  rendered  faintly  acid  with  acetic  acid.  The  liquid  is  then 
agitated  with  amylic  alcohol,  which  is  separated  and  evaporated  in 
presence  of  water.  The  aqueous  solution  obtained  is  treated  with 
a  few  drops  of  a  3  per  cent,  solution  of  uranium  acetate,  when  a 
beautiful  bluish-green  coloration  or  precipitate  will  be  produced  if 
cochineal  be  present.  Acids  destroy  this  color,  with  production 
of  the  orange  tint  of  the  carminic  acid.  In  the  case  of  wine,  the 
amylic  alcohol  employed  should  be  mixed  with  an  equal  measure 
of  benzene,  or,  preferably,  toluene,  as  otherwise  cenolin  will  also  be 
taken  up,  and  will  mask  the  reaction  of  the  cochineal.  Ammoni- 
acal  cochineal,  which  has  been  occasionally  employed  to  color 
wine,  produces  a  rose-violet  or  violet-blue  lake  with  uranium  oxide. 
Logwood  gives  a  somewhat  similar  reaction,  but  may  be  distin- 
guished from  cochineal  by  other  means. 

Cochineal  has  been  occasionally  adulterated  with  an  extract  of 
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brazil-wood.  This  may  be  detected  by  treating  the  decoction  with 
excess  of  linae-water,  which  completely  precipitates  the  coloring 
matter  of  cochineal,  while  if  brazil-wood  be  present  the  filtered 
liquid  will  have  a  purple  or  violet  color.  Brazil-wood  may  also 
be  detected  by  soaking  cotton  in  the  decoction  and  then  immersing 
it  in  a  warm  solution  of  potassium  bichromate,  when  the  tissue 
will  assume  rather  a  deep  color  if  brazil-wood  be  present. 

The  assay  of  cochineal  may  be  effected  by  boiling  1  gramme  of 
the  powdered  sample  for  an  hour  with  1  litre  of  water  and  20  drops 
of  a  saturated  solution  of  alum.  After  cooling,  the  liquid  is  again 
made  up  to  1  litre,  and  the  color  compared  with  that  of  a  standard 
specimen  similarly  treated. 

C.  Lieberman  {Jour.  Soc.  Dyers,  &c.,  i.  269)  recommends 
that  the  cochineal  should  be  exhausted  as  completely  as  possible 
w-ith  boiling  water,  and  then  precipitated  with  a  slightl}^  acid  solu- 
tion of  lead  acetate.  The  precipitate  is  washed  with  warm  water, 
dried,  and  weighed,  and  the  lead  determined  in  an  aliquot  part  of 
it.  By  deducting  the  amount  of  oxide  of  lead  in  the  precipitate 
from  the  weight  of  the  latter,  that  of  the  coloring  matter  is  found. 
This  method  is  open  to  the  objection  that  phosphoric  acid  and 
other  matters  are  estimated  as  carminic  acid.  Hence  a  more 
accurate  result  w^ould  be  obtained  by  simply  igniting  the  impure 
carminate  of  lead,  and  deducting  the  weight  of  the  residue  from 
that  of  the  original  precipitate.  A  still  better  determination  of  the 
coloring  matter  might  probably  be  obtained  by  treating  the  moist 
lead  precipitate  with  a  slight  excess  of  dilute  sulphuric  acid, 
filtering  from  the  sulphate  of  lead,  rendering  the  filtrate  strongly 
alkaline  with  caustic  soda,  and  running  in  a  standard  solution  of 
potassium  ferricyanide  until  the  purple  color  of  the  solution 
changes  to  a  dull  reddish-brown.  The  use  of  ferricyanide  in 
alkaline  solution  for  the  assay  of  cochineal  was  suggested  by 
Penny;  but  when  the  original  decoction  is  operated  on,  as  pro- 
posed by  him,  the  results  are  not  satisfactory. 

Cochineal  may  also  be  assayed  by  a  miniature  dye-test.  A 
suitable  bath  may  be  prepared  from  1  gramme  of  finely  powdered 
cochineal,  1  gramme  of  cream  of  tartar,  1^  gramme  of  alum,  and 
1  litre  of  water.  7  grammes  of  flannel  should  first  be  immersed 
and  dyed  to  a  full  tone,  and  a  second  piece  of  the  same  weight 
then  introduced,  and  allowed  to  remain  till  the  bath  is  exhausted. 

Cochineal  is  not  used  in  cotton-dyeing.  In  dyeing  silk  it  has 
also  been  almost  entirely  superseded  by  aniline-reds,  and  in  wool- 
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dyeing  the  azo-colors  have  to  a  great  extent  replaced  it;  though 
many  dyers  prefer  to  use  cochineal  or  alizarin  colors  for  all  scar- 
lets, since  these  dyes  do  not  bleed  and  stain  the  neighboring  fibres 
like  the  azo-reds.  Two  distinct  red  shades  are  obtained  with 
cochineal,  according  to  the  mordant  used.  Cochineal  crimson  is 
mordanted  wdth  cream  of  tartar  and  alum,  with  or  without  tin 
salts;  while  cochineal  scarlet  is  mordanted  with  stannous  chloride 
and  cream  of  tartar  or  oxalic  acid.  Cochineal  reds  on  wool  are 
fairly  fast  to  light,  but  become  dull  or  bluish  by  the  action  of  weak 
alkalies  or  soap,  though  the  bright  tone  may  be  restored  by  im- 
mersing the  fabric  in  water  acidulated  with  acetic  acid.  A  good 
purple  color  can  be  obtained  by  dyeing  wool  mordanted  with  2  per 
cent,  of  potassium  bichromate  in  a  slightly  acid  cochineal  bath. 

Fibres  dyed  with  cochineal  are  turned  orange-red  by  hydro- 
chloric acid,  the  liquid  becoming  pink.  Sulphuric  acid  turns  both 
fibre  and  solution  a  bright  pink.  Caustic  soda  and  ammonia  give 
a  purple  solution.  Alcohol  has  no  action,  and  an  acid  solution  of 
stannous  chloride  behaves  much  like  hydrochloric  acid  alone. 

Cochineal  is  also  a  valuable  indicator,  it  being  violet  toward 
alkalies  and  orange  toward  acids.  It  is  especially  serviceable  for 
indicating  the  carbonates  of  the  alkaline  earths  for  which  litmus  is 
inapplicable;  it  is  also  useful  for  titrating  the  ammonia  or  the 
excess  of  sulphuric  acid  in  the  Kjeldahl  method  for  determining 
nitrogen,  in  which  phenolphthalein  is  not  very  useful. 

Ammoniacal  cochineal  is  prepared  by  leaving  ground  cochineal 
in  contact  with  excess  of  ammonia,  when  a  chemical  action  occurs 
which  results,  according  to  Schiitzenberger,  in  the  formation  of 
an  amido-compound  called  carminamide.  After  several 
.  weeks  the  mixture  is  heated  to  drive  off  part  of  the  ammonia, 
and  is  sent  into  commerce  in  the  form  of  a  thick  paste.  Instead 
of  heating  the  product  directly,  it  is  sometimes  mixed  w4th  about 
40  per  cent,  of  hydrated  alumina,  and  the  whole  then  heated  till 
no  odor  of  ammonia  can  be  observed.  When  cold  the  mass  is 
moulded  into  cakes. 

Ammoniacal  cochineal  is  distinguished  from  carminic  acid  by 
giving  a  beautiful  purple  precipitate  (instead  of  scarlet)  with 
"oxymuriate"  of  tin.  The  crimson,  purple,  and  mauve  colors 
it  yields  with  mordants  are  not  afTected  by  acids  so  readily  as  those 
produced  directly  by  cochineal.  Ammoniacal  cochineal  is  used  in 
admixture  with  ordinary  cochineal  for  producing  the  bluer  shades 
of  pinks. 
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Cochineal  Carmine  or  Carmine  Lake  is  a  brilliant  red  pigment 
produced  by  precipitating  a  decoction  of  cochineal  by  alum  or 
stannic  chloride.  Acid  oxalate  or  tartrate  of  potassium  may  be 
used  in  conjunction  with  alum,  but  the  employment  of  a  compound 
of  tin  or  aluminium  appears  to  be  essential  to  the  production  of 
the  carmine.  The  employment  of  a  decoction  of  cochineal  itself, 
and  not  of  carminic  acid,  is  also  a  necessary  condition,  the  nitro- 
genized  matters  being  essential  to  its  formation.  The  method  by 
which  cochineal-carmine  is  actually  produced  in  practice  is  kept 
rigidly  secret.^  A  sample  examined  by  C.  Lieberman  {Jour. 
Soc.  Dyers,  &c.,  i.  269)  contained,  'after  drying,  3.7  per  cent,  of 
nitrogen,  only  0.25  per  cent,  of  which  could  be  expelled  by  boiling 
with  dilute  alkali.  The  remainder  appeared  to  exist  as  protei'ds,  or 
probably  in  part  as  tyrosine.^  The  ash  was  white,  and  amounted 
to  8. 1  per  cent.  100  parts  contained  43  of  alumina  and  45  of  lime, 
0.67  of  oxide  of  tin,  and  small  proportions  of  magnesia,  alkalies, 
and  phosphoric  acid.  The  composition  of  the  original  carmine  was 
probably  approximately: — water,  17;  mineral  matter,  7;  nitrogen- 
ous matters,  20;  and  coloring  matter,  56  per  cent. ;  with  traces  of 
wax. 

Cochineal-carmine  is  liable  to  adulteration  with  starch,  kaolin, 
vermilion,  red-lead,  chrome-red,  &c.  These  admixtures  may  be 
detected  by  treating  the  sample  with  dilute  ammonia,  in  which  a 
pure  sample  should  be  completely  and  readily  soluble.^  The  solu- 
tion of  cochineal-carmine  in  ammonia  yields  no  precipitate  with 
ammonium  oxalate,  and  the  precipitate  produced  on  adding  an 
acid  is  a  lake,  from  which  the  coloring  matter  can  only  be  set  free 
by  heating  with  moderately  strong  mineral  acid.    If  the  ammo- 

^  Several  recipes,  collected  from  standard  works,  have  been  published  by  M. 
Dechan  [Pharm.  Jour.  [3],  xvi.  611).  The  English  process  is  said  to  consist 
in  boiling  1  lb.  of  cochineal  and  J  oz  of  potassium  carbonate  with  7  gallons  of 
water  for  15  minutes.  The  heat  having  been  withdrawn,  1  oz.  of  powdered  alum 
is  added,  and  the  liquid  stirred  and  allowed  to  settle.  The  clear  liquid  is  de- 
canted, ^  oz.  of  isinglass  added,  and  heat  applied  till  a  coagulum  forms,  when 
the  liquid  is  stirred  briskly  and  allowed  to  settle. 

^As  albumin  and  gelatin  are  sometimes  employed  in  preparing  carmine,  it  does 
not  follow  that  the  whole  of  the  nitrogen  present  had  its  origin  in  the  cochineal. 

'  According  to  M.  Dechan,  tin  spirits  form  with  Biebrich  scarlet  a  compound 
which  very  much  resembles  carmine  physically  and  ch'^mically,  being,  like  it, 
soluble  in  dilute  ammonia  and  insoluble  in  water.  If  Biebrich  scarlet  be  present, 
white  wool  acquires  a  red-orange  tint  when  boiled  in  the  ammoniacal  solution, 
whereas  pure  cochineal  carmine  communicates  a  reddish-purple  shade.  Biebrich 
carmine  need  not  be  looked  for  in  the  absence  of  tin. 
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niacal  solution  of  carmine  be  heated  on  a  water-bath,  with  con- 
stant stirring,  nntil  entirely  destitute  of  ammoniacal  odor,  the 
product  is  a  deep  ruby-red  liquid  which  gives  no  precipitate  with 
mercuric  chloride,  and  becomes  purplish  on  addition  of  ammonia. 
Vermilionette  can  be  recognized  by  treating  the  coloring  matter 
with  dilute  sulphuric  acid  and  agitating  the  liquid  with  ether, 
which  on  evaporation  will  leave  the  eosin  in  a  condition  ready  for 
further  examination. 

The  following  analyses  of  commercial  cochineal-carmine  are  by 
M.  Dechan  (Pharm.  Journ.,  [3],  xvi.  511).  The  sample  was 
treated  with  dilute  ammonia,  the  liquid  filtered,  the  ammoniacal 
solution  evaporated,  and  the  residue  dried  at  100°,  and  weighed. 
It  was  then  ignited,  and  the  ash  weighed  to  obtain  the  combined 
aluminium,  &c.,  the  loss  being  regarded  as  coloring  matter.  The 
organic  matter  insoluble  in  ammonia  appears  to  have  consisted 
chiefly  of  starchy  matters.  In  every  case  the  ash  was  free  from 
tin,  and  consisted  of  alumina  and  lime,  with  a  trace  of  silica.  No 
foreign  coloring  matter  other  than  vermilion  was  detected. 
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3. 

4. 

5. 
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Ash  .... 

2.0 

2.4 

34.0 

trace 

0.2 

trace 

14.6 

1.9 

3.6 

trace 

Vermilion  . 

50.4 

Carmine  is  employed  by  artists,  paper-stainers,  and  fabric- 
printers. 

Kermes  is  composed  of*the  female  of  the  Coccus  ilicis,  an  insect 
found  on  the  Ilex  or  Quercus  coccifera,  a  shrub  growing  on  arid, 
rocky  soils  in  hot  climates.  The  grains  are  about  the  size  of  a 
pea,  globular,  and  almost  smooth.  Kermes  of  good  quality  has  a 
deep  red  color,  agreeable  odor,  and  rough,  pungent  taste.  The  red 
coloring  matter  is  soluble  in  water  and  alcohol,  and  is  either  iden- 
tical with  or  closely  related  to  carminic  acid  of  cochineal. 
The  decoction  is  turned  yellowish  or  brownish  by  acids,  and  violet 
or  crimson  by  alkalies.  Ferrous  sulphate  blackens  it,  probably 
owing  to  the  presence  of  a  small  quantity  of  tannin  from  the  oak 
on  which  the  insect  lives.    Kermes  dyes  fabrics  mordanted  with 
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alum  a  blood-red;  with  stannons  chloride  and  cream  of  tartar  it 
gives  a  cinnamon-yellow;  and  with  salts  of  copper  and  cream  of 
tartar,  an  olive-green.  It  requires  about  twelve  times  as  much 
kermes  as  cochineal  to  produce  the  same  scarlet  with  a  tin  mor- 
dant.   Kermes  is  but  little  used  in  England. 

Lac- Dye  is  the  product  of  Coccus  lacca^  which  lives  on  the  ban- 
yan and  other  trees,  on  the  twigs  of  which  the  ova  are  deposited. 
From  the  mature  and  impregnated  female  insects  a  resinous  sub- 
stance exudes,  which  encloses  them.  The  twigs,  with  the  attached 
resin  and  enclosed  insects,  are  sold  as  stick-lac.  If  the  resinous 
concretion  be  removed,  powdered,  and  triturated  with  water,  the 
greater  part  of  the  coloring  matter  dissolves,  and  the  residue  when 
dried  is  known  as  seed-lac.  If  this  be  melted  and  squeezed 
through  cotton,  it  yields  shell-lac  or  shellac.  The  following  figures 
by  Hatchett  indicate  the  relative  composition  of  these  three 
lacs: — 

Stick-lac.       Seed-lac.  Shell-lac. 


r.esin,   68.0  88.5  90.9 

Coloring  matter,   10.0  2.5  0.5 

Wax,   6.0  4.5  4.0 

Gluten,   6.5  2.0  2.8 

Foreign  bodies,   6.5  .  .  .  . 

Loss,   4.0  2.5  1.8 


100.0  100.0  100.0 

The  exact  method  of  preparing  lac-dye  is  not  generally  known, 
but  it  is  probably  based  on  the  treatment  of  stick-lac  with  a  weak 
alkaline  solution.  The  composition  of  the  ash  points  to  a  pre- 
cipitation with  alum,  or  with  lime  to  which  some  alumina  has 
been  added,  probably  to  facilitate  the  washing  and  working  up  the 
precipitate  (compare  H.  G.  Glasspoole,  Pharm.  Jour.  [3],  xii. 
741). 

The  coloring  matter  of  lac-dye  has  been  investigated  by  R.  E. 
Schmidt  (Jour.  Soc.  Dyers,  &c.,  iii.  122),  who  terms  it  lacca- 
inic  acid,  and  points  out  its  close  resemblance  to  carminic  acid. 

Laccainic  Acid,  C^fl^fi^,  forms  a  brownish-red  crystalline  pow- 
der or  crust,  appearing  under  the  microscope  in  well  formed 
rhombic  tables.  It  melts  without  decomposition  at  180°.  It  is 
abundantly,  though  slowly,  soluble  in  alcohol,  and  freely  soluble 
in  wood  spirit,  amylic  alcohol,  and  glacial  acetic  acid.  It  is  some- 
what less  soluble  in  water,  with  bluish-red  color,  and  is  insoluble 
in  benzene  and  petroleum  spirit.    It  resembles  carminic  acid  in 
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being  nearly  insoluble  in  ether,  but  not  precipitated  on  adding 
ether  to  its  alcoholic  solution.  It  is  a  well-defined  dibasic  acid, 
and  in  its  reactions  and  the  absorption-spectrum  of  its  alkali- 
metal  salts  closely  resembles  carminic  acid;  but  a  difference  exists 
between  the  absorption-spectra  of  the  two  substances  when  dis- 
solved in  strong  sulphuric  acid. 

Schmidt  gives  the  following  results  obtained  by  the  analysis 
of  two  samples  of  lac-dye: — 


A  good  lac-dye  should  be  soft  enough  to  be  broken  with  the 
fingers,  and  should  powder  readily  under  the  pestle.  The  fracture 
should  be  deep  in  color,  not  shining  and  resinous.  When  breathed 
on,  it  should  emit  a  strong  and  peculiar  odor.  Samples  which 
are  hard  and  have  a  resinous  fracture  are  usually  poor  in  coloring 
matter,  and  contain  an  excessive  proportion  of  resin.  The  amount 
of  this  constituent  may  be  judged  of  from  the  bulk  of  the  precipi- 
tate produced  on  diluting  the  alcoholic  solution  of  the  lac  with 
water. 

A  superior  variety  of  lac-dye  is  obtainable  by  treating  stick-lac 
with  weak  ammonia,  and  adding  stannous  chloride  to  the  solution, 
when  the  coloring  matter  is  thrown  down  as  a  fine  red  precipitate. 
A  lac-lake  is  obtained  by  substituting  caustic  soda  and  alum  for 
the  ammonia  and  tin  salt  in  the  above  process.  Lac-lake  usually 
contains  about  50  per  cent,  of  coloring  matter,  40  of  resin,  9  of 
alumina,  and  1  per  cent,  of  impurities. 

Lac-dye  gives  much  the  same  color  as  cochineal,  but  two  or 
three  times  the  quantity  is  requisite  to  produce  the  same  effect. 
It  is  prepared  for  dyeing  by  mixing  it  into  a  paste  with  stannous 
chloride  and  hydrochloric  acid,  and  hence  the  dye  and  mordant 
are  used  in  the  same  bath.  Lac-reds  are  considered  faster  to  light 
and  wear  and  to  the  action  of  weak  alkalies  than  cochineal  reds, 
though  they  are  less  brilliant  than  the  latter.  The  two  coloring 
matters  are  sometimes  employed  consecutively  or  in  admixture. 


Moisture  (expelled  at  100°), 

Mineral  matter,  

Coloring  matter,  

Other  organic  matter,  .  .  . 


1. 

9.0 
15.7 
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2. 
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100.00 
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13.  Analysis  of  Coloring  Matters. 

The  number  of  dyes  occurring  in  trade,  and  especially  of  those 
artificially  prepared,  is  exceedingly  great,  and  the  difficulty  of  re- 
cognition consequent  on  their  number  and  close  resemblance  is 
further  increased  by  the  practice  of  calling  the  same  substance  by 
several  different  names. 

The  methods  of  examining  coloring  matters  witn  the  view  of 
identifying  them  require  considerable  modification  when  the  dye 
already  exists  on  a  fibre  or  a  fabric,  as  the  mordant  and  other  con- 
ditions affect  its  character  considerably.  Hence  the  recognition  of 
the  dyes  on  fabrics  will  be  described  in  a  separate  section.  In  the 
case  of  a  concrete  coloring  matter  it  is  desirable  to  ascertain  the 
shade  it  communicates  to  wool  or  silk,  as  the  color  which  a  dye 
will  produce  on  a  fibre  can  scarcely  be  guessed  from  its  appearance 
in  the  solid  state,  and  in  many  cases  cannot  even  be  predicted  from 
the  color  of  the  solution. 

The  great  point  of  resemblance  in  the  generality  of  coal-tar  dyes 
is  that  they  are  "substantive  colors,"  or,  in  other  words,  will  dye 
silk  and  wool  without  a  mordant.  To  ascertain  whether  the  dye 
is  of  this  character  it  is  generally  only  necessary  to  heat  a  fragment 
of  white  wool  or  a  skein  of  white  silk  in  a  solution  of  the  dye; 
usually  a  neutral  or  faintly  acid  solution  is  the  best,  but  with 
alkali-blue  and  a  few  other  dyes  the  stuff  should  be  heated  in  the 
alkaline  solution,  and  then  removed  and  immersed  in  dilute  acid, 
when  the  blue  color  becomes  fixed.  Alizarin  and  purpurin  are  not 
substantive  colors,  and  hence  cannot  be  fixed  on  wool  or  silk 
without  a  mordant. 

The  identification  of  a  coal-tar  dye  is  much  facilitated  by  a  judi- 
cious employment  of  certain  general  reagents,  which  will  suffice  to 
define  the  substance  as  belonging  to  a  certain  class.  The  color  or 
absorption-spectrum  of  an  aqueous  or  alcoholic  solution  of  the  dye 
is  also  a  valuable  indication,  and  water  and  alcohol  may  often  be 
advantageously  employed  to  effect  a  separation  of  mixed  colors. 

The  following  general  methods  of  examination  are  of  service  in 
classifying  the  coal-tar  colors: — 

1.  Agitate  a  small  quantity  of  the  dye  with  dilute  sulphuric  acid 
and  ether.  On  separating  the  ether  and  evaporating  it  to  dryness, 
a  sensible  residue  will  be  left  if  the  dye  contained  an  acid  dye, 
such  as  picric  acid  (or  a  pictrate),  a  nitrocresolate  (Victoria  yel- 
low), a  nitronaphtholate  (Manchester  yellow),  aurin,  an  eosin, 
etc.    The  basic  dyes  are  not  removed  from  an  acidulated  aqueous 
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solution  by  agitation  with  ether,  and  hence  a  complete  separation 
of  the  above-named  substances  may  be  ejffected  by  a  judicious 
employment  of  this  method. 

2.  Another  indication  of  the  nature  of  a  dye  is  obtained  by 
adding  weak  caustic  soda  to  the  aqueous  solution  and  warming 
the  liquid.  Basic  coal-tar  dyes,  except  those  of  the  safranine  class 
(safranine,  safranisol),  are  precipitated,  while  the  solutions  of  acid 
dyes  usually  remain  clear. 

3.  E.  Weingartner  recommends  for  the  distinction  of  sol- 
uble acid  from  basic  dyes  a  reagent  prepared  by  dissolving  tannin 
and  sodium  acetate  in  water.  The  preparation  and  application  of 
this  reagent  are  described  on  page  481. 

4.  By  heating  with  acetic  acid  and  zinc-dust,  most  basic  coal- 
tar  dyes  are  reduced  with  formation  of  colorless  leuco-com- 
pounds,  from  which  the  coloring  matters  are  reproducible  only 
by  the  employment  of  moderately  strong  oxidizing  agents.  The 
azo-dyes  similarly  yield  colorless  hydrazo-com pounds,  but 
these  differ  from  the  leuco-derivatives  by  regenerating  the  original 
coloring  matters  on  mere  exposure  to  air.  Somewhat  different 
results  are  obtained  if  an  alkaline  reducing  agent  is  employed,  and 
the  method,  which  is  of  special  value  in  studying  azo-dyes,  is 
described  at  length  on  page  141. 

5.  J.  Spiller  (Chem.  News,  xlii.  191)  has  shown  that  treat- 
ment of  the  sample  with  concentrated  sulphuric  acid  affords  a 
valuable  means  of  recognizing  coal-tar  dyes,  which  are  none  of 
them  charred  by  its  action,  except  under  very  severe  conditions. 
To  apply  the  test  it  is  merely  necessary  to  heat  a  iew  grains  of  the 
solid  substance  in  a  test-tube  with  concentrated  sulphuric  acid. 
Very  frequently,  useful  information  can  be  gained  by  observing 
the  absorption-spectrum  of  the  colored  liquid  produced.  The 
property  of  yielding  a  colorless  solution  with  concentrated  sul- 
phuric acid,  the  liquid  becoming  colored  on  dilution,  is  a  char- 
acteristic reaction  of  several  quinoline  dyes,  and  does  not  occur  in 
the  case  of  dyes  of  most  other  classes.  Tabular  statements  of  the 
reactions  of  various  dyes  with  concentrated  sulphuric  acid  are 
given  under  each  class  of  dyestuffs. 

6.  In  the  case  of  basic  dyes,  the  determination  of  the  nature  of 
the  acid  often  materially  assists  identification.  In  most  instances 
the  basic  dyes  occur  i-n  commerce  as  hydrochlorides,  but  excep- 
tions to  this  rule  are  by  no  means  rare.  To  detect  the  salt-radical 
the  solution  of  the  dye  should  be  precipitated  with  ammonia  or 
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soda,  and  the  filtered  liquid  acidulated  with  nitric  acid  and  tested 
with  silver  nitrate.  In  some  few  cases,  especially  with  safranine, 
the  base  of  which  is  freely  soluble  in  water,  this  method  is  not 
applicable,  and  it  is  necessary  to  add  the  silver  nitrate  to  the 
acidulated  solution  of  the  original  dye.  Double  chlorides  of  the 
dye-base  and  zinc  may  be  recognized  by  the  presence  of  zinc  in  the 
ash  left  on  incinerating  the  sample.  Common  salt  is  very  com- 
monly present  in  dyes,  and  it  is  important  not  to  mistake  the 
chlorine  existing  in  this  form  for  that  existing  as  the  hydrochloride 
of  a  basic  dye.  Common  salt  will  be  left  as  a  residue  on  igniting 
the  dye.  On  ignition,  the  eosins  leave  residues,  the  solutions  of 
which  contain  more  or  less  haloid  salts  of  the  alkali-metals,  and 
hence  precipitate  silver  nitrate.  But  these  dyes  are  not  basic,  and 
the  coloring  matter  (containing  one  or  more  halogens  in  organic 
combination)  can  be  separated  from  the  pre-existing  common  salt 
by  agitating  the  acidulated  solution  of  the  dye  with  ether  (compare 
page  473).  The  following  is  a  list  of  those  basic  dyes  liable  to  be 
met  with  in  commerce  in  other  forms  besides  that  of  the  hydro- 
chloride : — 


Name  of  Dye. 


Magenta ;  fuchsine ;  rosani- 
line;  aniline  red. 

Azaleine;  fuchsine. 

Aniline  blue ;  triphenyl- 
rosaniline. 

Methyl-violet. 

Benzyl-violet. 

Methyl-green. 

Iodine  green;  night  green. 

Spirit  soluble  green. 

Benzaldehyde-green ;  mala- 
chite-green. 

Phosphine. 

Mauve;  Perkin's  purple. 
Nile  blue. 
Methylene-blue. 


Formula  of  Base 


C20H20N3.OH 
C20H20N3  OH 

C2oHi7(C6H5)3N3.0H 
C:9Hi3(CH3)5N3.0H 

Ci9Hi2(CH3)s(C,H,)N3.0H 

Ci9Hi2(CtL3)6N3.0H.CH3Cl 
C2oHi4(('H3)6N3.0H.CH3Cl 

C2oHi4(CH3)eN3.0H.CH3Cl 
Ci9Hi3(CH3)4N2-0H 

C19H15N3 
C27U24N4 

Ci8H,8N30 

C16H18N3S.OH 


Form  of  Combination. 


Acetate. 
Nitrate. 

Sulphate;  acetate  (in  alco- 
holic solution). 
Zinco-chloride. 
Zinco-chloride. 
Zinco-chloride. 
Zinco-chloride. 
Picrate. 

Oxalate ;     zinco-chloride ; 

ferrico-chloride. 
Nitrate. 
Sulphate. 
Sulphate. 
Zinco-chloride. 


Nitrates,  acetates,  and  oxalates,  in  a  few  cases  in  which  they  occur, 
can  be  sought  for  by  the  usual  methods,  in  the  filtrate  from  the 
precipitate  produced  on  warming  the  dye  with  caustic  soda.  Pic- 
rates  may  be  sought  for  in  the  same  liquid,  or  the  original  solution 
may  be  strongly  acidulated  with  dilute  sulphuric  acid,  and  agi- 
tated with  benzene  or  ether.  The  mere  detection  of  picric  acid 
does  not  prove  that  the  dye  examined  w^as  a  picrate,  as  free  picric 
acid  may  have  been  added  to  the  hydrochloride  or  double  zinc  salt 
of  the  base. 
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Many  basic  and  other  dyes  are  used  in  the  form  of  sulphonic 
acidsj  and  these  latter  bodies  again  are  usually  converted  into  me- 
tallic sulphonates.  The  sulphonates  of  potassium,  sodium,  and 
ammonium  are  the  most  common,  but  those  of  the  metals  of  the 
alkaline  earths  are  occasionally  met  with.  Ammonium  salts  can 
be  readily  detected  by  the  evolution  of  ammonia  on  warming  the 
dye  with  caustic  soda.  Other  sulphonates  on  ignition  will  leave 
metalHc  sulphites  or  sulphates,  in  which  the  metal  can  be  readily 
identified.  Of  course,  the  presence  of  a  sulphate  in  the  ash  does 
not  prove  the  previous  existence  of  a  sulphonate,  unless  the  ab- 
sence of  a  sulphate  in  the  original  dye  has  been  ascertained.  This 
may  usually  be  effected  by  adding  barium  chloride  to  the  highly 
dilute  aqueous  solution  of  the  dye.  In  the  case  of  a  colored  pre- 
cipitate being  formed,  probably  consisting  of  the  barium  salt  of 
the  sulphonic  acid,  this  should  be  filtered  off,  washed,  and  digested 
with  a  solution  of  ammonium  carbonate,  which  will  convert  a  sul- 
phonate of  barium  into  barium  carbonate,  without  affecting  barium 
sulphate.  On  again  filtering,  and  treating  the  residue  with  dilute 
hydrochloric  acid,  any  white  insoluble  matter  will  consist  of  barium 
sulphate. 

The  bases  of  many  acid  dyes  can  be  detected  without  igniting  by 
precipitating  a  concentrated  aqueous  solution  of  the  coloring  mat- 
ter with  pure  fuming  hydrochloric  acid,  which  almost  always  pre- 
cipitates the  free  acid.  After  filtration,  the  base  can  be  sought  for 
in  the  filtrate. 

For  the  detection  of  the  halogens  existing  in  organic  combination 
in  the  eosins  and  some  other  dyes,  the  substance  should  be  dis- 
solved or  suspended  in  water,  and  the  liquid  acidulated  with  dilute 
sulphuric  acid  and  agitated  with  ether.  The  ethereal  layer  is  then 
removed,  evaporated,  and  the  residue  mixed  with  excess  of  quick- 
lime, free  from  chlorides,  and  then  heated  to  redness  in  a  combus- 
tion-tube. The  product  is  treated  with  water,  dilute  nitric  acid 
added  in  quantity  sufficient  to  effect  solution  and  leave  the  liquid 
slightly  acid,  the  liquid  filtered,  and  a  portion  of  the  filtrate 
tested  with  silver  nitrate.  If  any  notable  precipitate  is  produced, 
chlorides,  bromides,  and  iodides  are  then  sought  for  in  the  usual 
way.  In  the  aqueous  liquid  separated  from  the  ethereal  layer, 
metallic  chlorides  can  be  sought  for  directly  by  means  of  silver 
nitrate. 

Nitro-com/pounds,  used  as  coloring  matters,  are  of  a  yellow  or 
orange-red  color.    When  warmed  with  metallic  tin  (or  stannous 
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chloride)  and  hydrochloric  acid,  they  are  converted  into  colorless 
amido-compounds,  which  do  not  become  again  colored  on  expos- 
ure to  air.  The  behavior  distinguishes  them,  except  acid  naph- 
thol-yellow,  from  the  eosin  dyes,  but  not  from  azo-colors.  The 
latter,  however,  are  usually  sulphonates,  and  are  not  removed  from 
their  acidulated  solutions  by  agitation  with  ether,  as  are  the  nitro- 
compounds, eosins,  and  most  other  phenolic  dyes.  The  nitro- 
compounds also  differ  from  the  azo-dyes  by  dissolving  in  sulphuric 
acid  to  form  yellow  or  colorless  solutions,  whereas  with  the  latter 
far  more  brillant  and  striking  colors  are  obtained.  The  solutions 
of  nitro-compounds,  or  fibres  dyed  with  them,  are  but  slightly 
altered  by  hydrochloric  acid  (distinction  from  yellow  azo-dyes, 
which  are  reddened);  while  ammonia  and  caustic  soda  tend  to 
darken  or  redden  the  color  (distinction  from  phosphine). 

A  considerable  number  of  the  coloring  matters  of  commerce, 
possessing  definite  names,  are  by  no  means  of  a  simple  character, 
but  are  mixtures  of  two  or  more  dyes.  Mechanical  mixtures  may 
usually  be  recognized  by  spreading  the  powder  on  a  piece  of  filter- 
paper  and  then  floating  the  latter  on  some  water  or  alcohol  con- 
tained in  a  plate  or  flat  capsule.  Marks  appear  on  the  paper,  and 
if  the  dye  was  of  a  simple  character,  these  are  all  of  the  same 
color.  On  the  other  hand,  if  a  mixture  be  under  examination,  the 
dye-particles  dissolve  with  their  respective  colors,  and  the  paper 
appears  of  two  or  more  tints,  according  to  the  number  of  different 
coloring  matters  in  the  mixture.  This  appearance  becomes  very 
marked  when  the  wet  paper  is  held  up  to  the  light.  It  is  even 
possible  in  this  way  to  form  an  approximate  notion  of  the  relative 
proportions  of  the  constituents  of  a  mixture.^ 

When,  as  often  happens  with  mixtures  of  azo-dyes,  the  constitu- 
ents are  too  similar  in  shade  to  be  recognized  when  dissolved  side 
by  side  on  filter-paper,  the  powdered  dye  should  be  sprinkled 
sparingly  on  the  surface  of  pure,  colorless,  concentrated  sulphuric 
acid  contained  in  a  porcelain  dish.  In  many  instances  the  parti- 
cles will  dissolve  with  marked  differences  in  color.  Thus  a  mix- 
ture of  orange  II  (mandarin)  with  crocein  scarlet,  when  sprinkled 
on  sulphuric  acid,  will  give  carmine-red  streaks  alongside  with 
others  of  indigo-blue  color.  This  method  of  examination  is  very 
sensitive. 

*  This  is  sometimes  of  importance  when  it  is  desired  to  distinguish  actual  mix- 
tures from  dyes  ''ordered  to  shade,"  the  latter  being  mostly  of  a  simple  charac- 
ter, but  containing  a  slight  addition  of  another  dye,  so  as  to  give  a  required  shade 
in  dyeing.    Thus  most  cheap  violets  contain  a  little  magenta. 
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Capillary  Analysis  of  Coloring  Matters. 

Another  useful  method  of  examining  certain  dyes  consists  in 
dissolving  the  sample  in  the  smallest  possible  quantity  of  alcohol, 
diluting  the  solution  with  rather  more  than  its  own  measure  of 
water,  and  then  dropping  the  liquid  on  a  piece  of  filter-paper, 
when  concentric  circles  of  different  tones  of  color  will  be  produced 
if  a  mixture  be  under  examination.  Magenta  may  be  conveniently 
examined  in  this  way  for  violaniline,  mauvaniline,  or  chrysaniline, 
and  the  same  method  may  be  employed  for  testing  aniline  blues 
and  violets. 

The  test  is  not  at  all  reliable  when  the  colors  in  a  mixture  all 
possess  the  same,  or  nearly  the  same  capillarity. 

A  more  elegant  and  delicate  application  of  capillary  attraction 
has  been  made  by  F.  Goppelsroeder  {Jour.  Soc.  Dyers,  &c. , 
iv.  5),  who  suspends  a  number  of  strips  of  Swedish  filter-paper 
in  such  a  manner  that  the  lower  ends  of  the  strips  dip  into  a  series 
of  small  beakers  containing  solutions  of  the  dyes  to  be  tested. 
The  w^ater  of  the  solution  always  rises  to  a  greater  height  than  the 
coloring  matter.  Picric  acid  stands  next  in  capillarity,  and  if  the 
method  be  applied  to  a  mixed  solution  of  picric  acid  and  turmeric, 
after  a  time  three  zones  may  be  distinguished.  The  highest  nar- 
row zone  is  produced  by  water  only;  below  this  there  is  a  broad 
yellow  zone  containing  picric  acid;  while  in  the  lowest  zone  only 
the  coloring  matter  of  turmeric  exists.  On  exposing  the  paper  to 
fumes  of  ammonia  or  dipping  it  in  weak  alkali,  the  presence  of  tur- 
meric will  be  indicated  by  the  production  of  a  brownish-red  color, 
while  the  picric  acid  zone  will  disappear.  If  the  lowest  zone  be 
cut  off,  the  coloring  matter  dissolved  off  with  alcohol,  and  the  pro- 
cess repeated  with  the  solution  obtained,  the  picric  acid  zone  wall 
be  observed  to  be  very  narrow  and  faintly  colored.  Interesting 
results  are  obtained  when  indigo  extract  is  examined  in  a  similar 
manner.  Traces  of  rosaniline  may  be  detected  in  magenta  by  the 
same  means,  When  an  alcoholic  solution  of  azuline  was  exam- 
ined by  the  capillary  test  Goppelsroeder  found  three  colored  zones 
to  be  produced,  namely,  pink,  violet,  and  blue.  In  the  alcoholic 
solution  of  the  blue  zone,  silk  was  dyed  a  much  purer  blue  than 
by  the  original  coloring  matter.  It  is  evident  that  the  method 
admits  of  various  other  applications. 

Patterson  gives  the  following  results  on  the  capillary  speeds 
of  some  of  the  more  important  aniline  colors: 

They  are  divided,  for  the  sake  of  simplicity,  into  three  groups, 
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i.  e.,  the  Rosaniline  group,  the  Phenol  group,  and  the  Azo  group. 
The  numbers  corresponding  to  each  color  represent  in  millimetres 
its  capillary  speed  in  sixty  seconds.  The  method  employed  for 
obtaining  these  results  was  as  follows. — Strips  of  pure,  dry  bibu- 
lous paper,  measuring  about  seven  and  a  half  centimetres  long  by 
four  centimetres  broad,  were  prepared.  Then  a  carefully-measured 
quantity  (7.5  c.c.)  of  the  color  solution  under  examination,  made 
with  cold  distilled  water,  was  introduced  into  a  beaker.  The  depth 
of  this  solution  measured  exactly  five  m.m.  The  end  of  one  of 
those  bibulous  strips  was  then  dropped  to  the  bottom  of  the  solu- 
tion in  the  beaker,  and  capillarity  allowed  to  proceed  for  sixty  sec- 
onds exactly,  when  the  capillary  ascent  of  the  color  was  then 
accurately  noted. 

I.  ROSANILINE  GROUP.      (WATER  =  14.  ) 

Pure  Magenta   2  Methyl  Violet   2 

Acid  Magenta   14  Malachite  Green   6 

Acid  Violet   8  Brilliant  Green   4 

Alkali  Blue   7  Acid  Green   14 

II.  PHENOL  GROUP.     (WATER=14.  ) 

(a)  Nitro  Compounds:  {(3)  Phthaleins: 

Picric  Acid    12            Eosin    8 

Naphthol  Yellow  S   11.5         Uranin   11 

Naphthol  Green   14            Khodamine   6 

III.  AZO  GROUP. 

(a)  Oxy-azo  Colors:  Amido-azo  Colors: 

Orange  G  13  Fast  or  Acid  Yellow  13 

Tropseolin  3  0   6  Phenylene  Brown   1 

Tropseolin  O  10 

Taking  water  again  as  the  standard,  the  following  tables  of 
colors  are  obtained,  arranged  according  to  their  capillary  speeds: 

Water  100  Acid  Violet   57.1 

Acid  Magenta  100  Eosin   57.1 

Acid  Green  100  Alkali  Blue   50.0 

Naphthol  Green  100  Rhodamine   42  8 

Orange  G  92.8  Tropseolin  000    42.8 

Fast  Yellow  92.8  Malachite  Green   35.7 

Picric  Acid   85.7  Brilliant  Green   28  5 

Naphthol  Yellow  S  82.1  Methyl  Violet   14.2 

Uranin  78.5  Magenta   14.2 

Tropseolin  0  71.4  Phenylene  Brown   14.2 

Although  mechanical  mixtures  are  far  the  most  frequent,  more 
intimate  mixtures  are  sometimes  produced  by  co-precipitation,  or 
evaporation  of  a  mixed  solution.  In  almost  all  such  cases  one  of 
the  constituents  of  the  mixture  possesses  a  greater  affinity  for  a 
fabric  than  the  other,  and  it  is  this  circumstance  which  forms  the 
principal  disadvantage  of  such  mixtures.    If  a  small  dye-bath  be 
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made  up  with  the  coloring  matter,  and  small  samples  of  wool  or 
silk  dyed  successively  therein  until  the  bath  is  exhausted,  the 
coloring  matter,  if  simple,  will  give  a  shading  down  from  one  and 
the  same  color.  But  in  the  case  of  a  mixture  each  consecutive 
sample  will  have  a  different  color,  and  the  first  and  last  samples 
will  be  entirely  different  in  shade.  The  division  obtained  in  this 
way  is  often  a  very  sharp  one,  and  it  becomes  easy  to  recognize 
impurities  in  color  whether  due  to  accident  or  intention.  The  test 
can  be  conveniently  conducted  in  a  wide  test-tube  or  small  beaker, 
combed  wool  being  the  fibre  used  to  withdraw  the  dye  from  the  bath. 

Tabular  Schemes  for  Recognition  of  Coloring  Matters. 

Several  systematic  methods  have  been  described  for  recognizing 
the  various  commercial  coloring  matters,  especially  those  derived 
from  coal-tar.  These  schemes  have  generally  the  defect  of  describ- 
ing the  coloring  matters  merely  by  their  commercial  names,  and 
of  being  based  merely  on  certain  color-reactions.  Bearing  in 
mind  the  great  number  of  dyes  now  met  with  in  commerce,  and 
the  rapidity  with  which  these  disappear  and  are  replaced  by  new- 
colors,  and  old  ones  under  new  names,  no  perfect  scheme  of  ex- 
amination can  be  expected.  A  good  method  in  many  respects  is 
that  of  E.  Weingartner  {Jour,  Soc.  Dyers,  &c.,  iii.  67),  who 
arranges  artificial  coloring  matters  in  three  classes  : — I.  Basic 
coloring  matters  soluble  in  water;  II.  Acid  coloring  matters  sol- 
uble in  water;  and  III.  Coloring  matters  insoluble  in  water.' 

^  The  following  table  shows  the  solubility  of  certain  coal-tar  dyes  in  water  and 
alcohol,  as  determined  by  A.  B  r  u  n  n  e  r  {Jour.  Soc.  Dyers,  &c.,  iii.  194): — 


Coloring  Matters. 


Aurin,  

Bismarck  brown,  . 

Coralliii,  

Dahlia  blue,  .  .  .  . 

Eosin,   

Ethyl  orange,  .  .  . 
Gentian  violet,    .  . 

Luteolin,  

Magenta,  

Malachite  green,  . 
Manchester  yellow. 
Methylene  blue. 
Methyl  green,  .  .  . 
Methyl  violet,  .  .  . 

Safranine,  

Tropa-olin  00,  ,  .  . 
Vesuvine  


Reference  Page. 

Amount  Dissolved  by  100  parts  of 

Water. 

Alcohol. 

310 

almost  insoluble 

40 

183 

3 

0.35 

311 

2 

05 

4 

1 

318 

2 

1 

0.02 

almost  insoluble 

1.5 

3 

0.28 

06 

276 

0.3 

10 

297 

4 

5 

129 

2 

0.15 

353 

3 

0.15 

295 

7 

0.25 

291 

2 

1.5 

333 

06 

0.4 

159 

0.05 

0.1 

183 

2 

0.2 
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The  soluble  basic  coloring  matters  are  then  distinguished  from 
the  acid  dyes  by  a  reagent  prepared  by  dissolving  25  grammes  of 
tannin  and  an  equal  weight  of  sodium  acetate  in  250  c.c.  of  water. 
This  precipitates  the  basic  dyes  only.  A  few  drops  of  the  reagent 
are  added  to  a  1  or  2  per  cent,  aqueous  solution  of  the  dye,  and  if 
any  precipitation  occur  the  liquid  is  heated,  as  certain  sulphonated 
derivatives  of  triphenylmethane  give  precipitates  at  first  which 
redissolve  at  a  higher  temperature. 

The  following  are  Weingartner's  tables  for  the  recognition  of 
artificial  coloring  matters.  The  group  to  which  the  dye  belongs 
having  been  ascertained,  the  coloring  matter  may  usually  be 
identified  by  its  special  reactions.  The  figures  in  parenthesis  after 
the  names  of  the  dyes  show  the  pages  on  which  more  detailed 
information  may  be  found  respecting  them: 


Table  I. — Artificial  Coloring  Matters  Soluble  in  Water.    Basic  Coloring 

Matters. 


The  aqueous  solution  gives  a  precipitate  with  the  tannin  reagent. 


The  primitive  shade  reappears. 

The  original 
shade  does 
not  reappear. 

Red. 

Yellow  or 
Orange. 

Green. 

Blue. 

Violet. 

Magenta. 

Tolnylene 

red. 
Sairanines. 

A 

Phosphine. 
Flavaniline. 

B 

Malachite 

green. 
Brilliant 

green. 
Methyl  green. 

c 

Methylene 

blue. 
New  blue. 

Muscarine. 
D 

Methyl  violet. 

Hofmann's 

violet. 
Mauveine. 
Amethyst. 
Crystal  violet. 

E 

Chrysoidine. 

Vesuvine. 

Auramine. 
Victoria  blue. 
Methylene 

green  (see 

below). 
F 

Observations. — After  having  reduced  the  basic  coloring  matter  with  zinc-powder 
and  hydrochloric  acid,  the  liquid  should  be  filtered  rapidly.  It  is  very  import- 
ant to  neutralize  the  filtered  liquid  with  sodium  acetate,  since  hydrochloric  acid 
in  excess  may  form  with  the  basic  color  acid  salts,  of  diflferent  color  from  the 
neutral  salts. 

The  primitive  shade  does  not  appear  on  oxidation  with  the  coloring  matters  in 
column  F,  but  in  certain  cases  oxidation  produces  different  shades  from  the 
primitive.  When  Bismarck  brown  (vesuvine)  and  chrysoidine  are  reduced,  the 
di-  and  tri-amines  are  formed,  which  easily  oxidize  in  the  air  with  brownish-red 
color.  It  is  very  important  to  distinguish  this  shade  from  the  original,  which  is 
brown  or  yellow.  After  reduction  and  oxidation  methylene-green  gives  a  blue 
shade. 

31 
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The  oxidation  of  the  reduced  solution  on  the  filter-paper  may  be  facilitated  by 
gently  heating.  Some  colors  oxidize  with  such  rapidity  that  the  original  color 
returns  whilst  filtering. 

Methylene-green  forms  a  dark  green  aqueous  solution,  which  becomes 
quite  colorless  on  reduction,  but  passes  into  sky-blue  in  presence  of  air.  The 
solid  substance  dissolves  in  strong  sulphuric  acid  with  dark  green  color. 


Table  II. — Artificial  Coloring  Matters  Soluble  in  Water.    Acid  Coloring 

Matters. 


The  aqueous  solution  does  not  give  a  precipitate  with  the  tannin  reagent. 


The  solution  is  decolorized. 


The  original  color  reappears 
on  paper. 

The  original  color  does  not  appear. 

The    aqueous   solution  is 
acidulated    with  hydro- 
chloric acid,  and  treated 
with  ether. 

The  coloring  matter,  when  heated  on 
platinum  foil. 

The  ether  dis- 
solves the 
coloring 
matter,  and 
the  solution 
immediately 
becomes  col- 
orless. 

The  ether 
remains 
colorless. 

Deflagrates 
without 
formation 
of  colored 
vapors. 

Burns  quietly,  or  slightly  de- 
flagrates, giving  off  colored 
vapors. 

Heat  a  piece  of  calico,  not 
mordanted,  in  the  aqueous 
solution. 

The  colora- 
tion of  the 
dye  is  fast 
to  warm 
soaping. 

The  color 
does  not 
resist  warm 
soaping. 

Phthaleins. 

Eosins. 

Aurin. 

G 

Sulphon- 

ated  rosan- 

ilines. 
Sulphon- 

ated  indu- 

lines. 

H 

Nitro- color- 
ing mat- 
ters. 

I 

Azo-colors 
from  benzi- 
dine, &c. 

J 

Azo-colors. 

Tartrazin. 

Erythrosin. 

K 

The  solution 
becomes 
brownish- 
red.  The 
color  of  the 
ammoniacal 
solution  re- 
appears on 
the  paper. 


Alizarin  S. 
Alizarin  blue 
S. 

Ocerulein  S. 


Observations. — a.  The  reduction  of  the  acid  yellow,  orange,  ponceau,  and  claret 
non-fluorescent  colors  requires  special  precautions.  The  h^st  way  is  to  treat  with 
zinc-powder  and  hydrochloric  acid,  and  afterwards  to  neutralize  with  sodium 
acetate,  as  has  already  been  pointed  out.  The  reduction  will  often  be  too  slow 
if  ammonia  or  acetic  acid  be  used. 

b.  It  is  necessary,  as  before,  to  compare  with  great  care  the  original  color  with 
that  which  is  produced  by  reoxidation,  so  that  their  identity  or  difference  may 
not  be  mistaken.  In  the  reduction  of  nitro-  or  azo-  bodies  diamines  or  amido- 
phenols  are  formed,  which  by  oxidation  give  dirty  or  brown  shades.  In  the 
column  K  this  remark  equally  applies  to  erythrosin,  for  when  that  coloring 
matter  is  reduced  iodine  is  separated  and  fluorescin  formed. 
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c.  All  the  coloring  matter  not  specified  in  a  are  reduced  by  zinc  and  ammonia. 

d.  When  the  acid  colors  are  being  reduced,  the  solution,  as  long  as  zinc-powder 
is  present,  should  be  colorless,  or  at  most  slightly  yellow  or  red. 

e.  The  nitro-derivatives  of  the  azo-coloring  matters  and  of  fluorescein  can  be 
easily  recognized  by  the  formation  of  "Pharaoh's  serpents"  on  heating  a  small 
quantity  (0.5  grm.)  on  platinum  foil. 

/.  In  order  to  find  the  group  NO2  with  certainty  in  a  yellow  coloring  matter 
(e.  g.f  picric  acid),  it  is  necessary  to  add  a  little  sodium  carbonate. 

g.  It  is  very  difiicult  completely  to  reduce  alizarin  S.  It  is  therefore  put  in 
column  L.  The  color  of  the  ammoniacal  solution  more  often  returns,  but  if  the 
reduction  has  been  carried  too  far  that  color  does  not  reappear. 


Table  III. — Artificial  Coloring  Matters  Insoluble  in  Water. 


The  coloring  matter  is  treated  with  water,  and  a  little  5  per  cent,  solution  of  caustic 

soda  added. 


The  coloring  matter 
dissolves. 


The  alkaline  solution  is 
filtered,  treated  hot  with 


The  coloring  matter  does  not  dissolve.   It  is  heated 
with  70  per  cent,  alcohol. 


zinc-powder,  and  then 
poured  on  a  filter-paper. 

The  color  of 
the  alka- 
line solu- 
tion reap- 
pears. 

The  color  of 
the  alkaline 
solution  does 
not  reappear, 
or  the  solu- 

It is  dissolved. 

It  is 
not  dis- 
solved. 

tion  changes 
color  during 
the  reduc- 
tion, which 
color  lasts. 

The  alcoholic  solution 
is   not  fluorescent. 
Add  a  little  33  per 
cent,  soda  solution. 

The  alcoholic  solution 
is  fluorescent.  Add 
a  little  33  per  cent, 
soda  solution. 

Indigo. 

CceruleYn 
(in  paste). 

Gallein. 

Gallo- 
cyanin. 

Galloflavin. 

Canarin. 
Alizarin. 
Anthrapur- 

purin. 
Flavopur- 

The  color 
changes  to 
red -brown. 

The  color 
does  not 
change. 

The  fluor- 
escence 
disap- 
pears. 

The  fluor- 
escence 
persists. 

purin. 
Nitroalizarin. 
Alizarin  blue. 
Chrysamme. 
Solid  green. 

Indulines. 

Nigrosines. 

Rosaniline 
blue. 

Diph  en  y  la- 
mine  blue. 

Indo- 
phenol. 

Magdala 
red. 

Primrose, 
Cyanosin. 

M 

N 

0 

P 

Q 

R 

S 

In  some  respects  the  method  of  0.  N.  Witt  (Jour.  Soc.  Dyers, 
etc.,  ii.  64;  Analyst,  xi.  Ill)  is  preferable  to  that  of  Weingartner. 
It  is  given  in  the  following  tables: 
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DYES  AND  COLORING  MATTERS. 


General  Remarks. 

Distinguish  these  two  prod- 
ucts by  the  shade. 

Zinc  Powder. 

Zinc  powder  de- 
colorizes a  so- 
lution which 
has  been  treat- 
ed  with  am- 
monia. On 
sprinkling  the 
decolorized  so- 
lution upon 
blotting  paper 
it  is  turned  an 
intense  blue 
by  the  action 
of  the  air.  (Dis- 
tinction from 
Eosin.) 

Zinc  powder 
and  ammonia 
decolorize  but 
the  color  does 
not  return,  or 
but  very 
slightly  on  ad- 
mission of  air. 

On  warming 
Avith  zinc  pow- 
der and  am- 
monia, the  so- 
lution is  turn- 
ed first  pure 
yellow  and 
then  colorless. 

ION 

3H0L 

'HER. 

.s  ^ 

1 

Solution 
ether 
yellow 

ORS.-Continued. 

Solution  in 
Concentrated 
H,SO,. 

Golden  yellow. 

Orange  yellow. 

Grass    green ; 
gives  on  dilu- 
tion,   first  a 
blue  color, 
and    then  a 
dirty  brown 
precipitate. 

RED  COL< 

Reactions. 

Acids  give  a  straw- 
yellow  precipitate. 

Acids  give  an  orange- 
yellow  precipitate, 
which  is  soluble  in 
ether. 

Acids  give  a  brown 
flaky  precipitate. 

Solution  in 
Water. 

Of  a  more  bluish- 
red  than  with 
Eosin,    and  is 
without  any  flu- 
orescence. 

Bluish-red  with- 
out fluorescence. 

The  concentrated 
solution  in  hot 
water  stiffens 
on  cooling  to  a 
jelly. 

Name. 

Eodn  Scarlet. 
(Bromnitro  Fluor- 
escein. ) 

1 

Phloxin. 
Rose  Bengale. 

t 

1 

Biebrich  Scarlet. 
(Double  Scarlet.) 

•ss'B[0  ouuauijBS  aqi  jo  saAp  oisv.q  .lo  a^Kp  pioy 
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General  Remarks. 

This  product  is  prepared  from 
alpha  naphtholsulphonic 
acid,  according  to  German 
patent  26012. 

Dyes  wool  a  beautiful  scarlet- 
red.   This  dye  is  produced 
by  the  action  of  diazo- 
naphthionic  acid  upon  the 
crocein  -  beta  -  naphtholsul- 
phonic acid. 

Zinc  Powder. 

Solution 
IN  Alcohol 
AND  Ether. 

s 

1 

CO 

o 

Solution  in 
Concentrated 

1 

Slate  blue,  no 
change  on 
dilution. 

Violet ;  brown 
precipitate  on 
dilution. 

Violet, 

RED  COL' 

Reactions. 

Barium  chloride  add- 
ed to  a  solution  in 
water  gives  a  flaky- 
red  precipitate, 
which   on  boiling 
becomes  suddenly 
crystalline  and  deep 
violet-black. 

1 

The  slightest  trace  of 
acid  added  to  a 
solution   in  water 
changes  it  to  a  pure 
blue. 

Con  centrated  solu- 
tion in  water, 
treated  with  mag- 
nesium sulphate, 
yields  on  cooling, 
long  silky  needles 
of  the  magnesium 
salt. 

Solution  in 
Water. 

Indigo  blue 
changing  on  di- 
lution through 
violet  into  red. 

If  cotton  is  boiled 
in  the  water  so- 
lution, with  or 
without  a  small 
addition  of  soap, 
it  is  dyed  a  red 
color,  which 
will  stand  wash- 
ing. 

The  solution  in 
hot  water  stiff- 
ens on  cooling, 
with  separation 
of    bronze  -  col- 
ored shining 
crystals. 

Name. 

Crocein  Scarlet  \ 
SB. 

Congo  Bed. 

Xylidine  Ponceau. 

Crocein  Scarlet. 
7  B.  Extra. 

•SSB 
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DYES  AND  COLORING  MATTERS. 


General  Remarks. 

These  colors,  from  beta-naph- 
tholdisulphonic  acids,  may 
be  distinguished  by  the 
shade    given   in  dyeing. 
Coccin ;    German  patent 
3229. 

Dyes  wool  a  magenta  red. 
German  patent  26012. 

Dyes  wool  a  deep  brownish- 
red. 

German  patent  3229. 

Zinc  Powi 

Solution 
IN  Alcohol 
AND  Ether. 

RED  COLORS.-Conduded. 

Solution  in 
Concentrated 

Pure  rose  col- 
ored or  car- 
mine red;  on 
dilution  a 
brownish -red 
precipitation. 

Bluish  -  violet ; 
red  on  dilu- 
tion. 

Blue;  on  dilu- 
tion a  yellow- 
ish-brown pre- 
cipitate. 

Indigo  blue. 

Reactions. 

Calcium  chloride  and 
barium  chloride 
give  an  amorphous 
flaky  precipitate 
from  the  solution  in 
water. 

An  addition  of  cal- 
cium chloride  to  a 
solution  in  water, 
gives  a  red  flaky 
crystalline  precipi- 
tation. 

The  addition  of  a  drop 
of  saturated   soda  j 
solution  to  a  con- 
centrated boiling 
solution  of  the  dye 
in  water,  precipi- 
tates the  soda  salt  of 
the  dye  in  the  form 
of  sparkling  brown 
scales. 

Calcium  chloride  and 
barium  chloride  give 
flocculent  amor- 
phous precipitates. 

The  solution  in  water 
is  completely  decol- 
orized   by  caustic 
soda,  but  the  orig- 
inal color  is  restored 
by  acetic  acid. 

Solution  in 
Water. 

Dwnish- 

blue 

Deep  br< 
red. 

Claret  red. 

Beautiful 
red. 

Name. 

Ponceau  R.,2R., 
SR. 
Anisol  Red. 
Coccin. 

Add  Azo  Rubin. 

Fast  Red. 
(Rcceliine.) 

Bordeaux  B. 

Acid  Magenta. 

•ss 

•BIO  ouiu'Bjjj'Bs       JO  s9Xp  oisuq  JO  soAp  pioy 
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General  Remarks. 

Distinguished   by  dyeing  on 
silk,  and  especially  on  com- 
paring by  artificial  light. 

Contains  zinc. 

Distinguish  by  the  shade.  Wool 
attracts  the  dye  from  the  alka- 
line solution,  and  after  wash- 
ing with  water  is  dyed  a  deep 
blue  by  dilute  acids. 

Wool  is  dyed  in  an  acid  solu- 
tion. 

Only  dyed  in  an  acid  bath. 

The  more  soluble,  the  redder 
the  shade. 

Zinc  Powder. 

Reduced  by  zinc  pow- 
der, the  color  being  re- 
stored on  access  of  air. 

Decolorize  perma- 
nently. 

Zinc  powder  and  am- 
monia form  a  vat— 
i.  e.,  the  color  is  re- 
stored on  access  of  air. 

Solution  n 
Alcohol. 

Dissolves  wit 
a  blue  col( 
of  varyiu 
shade. 

Soluble. 

Soluble. 

BLUE  COLO] 

Solution 
in  Concen- 
trated 

Light-red 
brown. 

Blue  color. 

Reactions. 

Hydrochloric  acid    leaves  the 
solution  in  alcohol  unchanged, 
but  for  the  precipitation  of 
microscopic  shining  green  crys- 
tals; caustic  soda  changes  colors 
to  brownish-red. 

The  solution  in  alcohol  is  colored 
red  by  hydrochloric  acid,  but 
is  unchanged  by  alkalies. 

Hydrochloric  acid  gives  a  green- 
ish precipitate;  caustic  soda  a 
violet-red  precipitate. 

Acids  impart  a  yellowish-brown 
color;   alkalies  form  a  red- 
brown  precipitate. 

Alkalies  decolorize  almost  com- 
pletely. 

Alkalies  do  not  form  a  precipi- 
tate in  the  aqueous  solution. 

Dilute  nitric  acid  decolorizes  per- 
manently on  boiling. 

Solution  in  alcohol  is  colored 
brownish-red  to  violet  by  alka- 
lies. 

a5 

0) 

Solution  ii 
Water. 

Quite  insc 
uble. 

Insoluble. 

Easily  solubl 

Rather  easi: 
soluble. 

Easily  solubl 

Easily  solubl 

Easily  solubl 

aS 

3 

a 

Name. 

Rosaniline  Blue. 
Diphenylamine 

Indophenol. 

Methylene  Blue. 

Victoria  Blue. 

• 

Alkali  Blues. 
R-6  B. 

(Nicholson's 

Blues.) 

Water  Blues. 
R-6B. 

Indigo  Carmine. 
(Indigo  extract.) 

Indulines. 
R—6  B. 
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YELLOW  AND  ORANGE-RED  COLO'RS.- Contimied. 

General  Remarks. 

See  note  in  introduction. 

These  two  dyes  can  only 
be  distinguished  by  an 
exact  investigation  of 
the  separated  dye-acids. 

Not  decolorized  by  zinc 
powder  and  ammonia, 
nor  by  stannous  chloride 
and  hydrochloric  acid. 

The  extremely  delicate 
ether  test  permits  of 
phosphine  being  easily 
and  surely  recognized 
In  mixtures  with  grena- 
dine, maroon,  etc. 

The  yellow  solution  of  the 
dye  becomes  less  and 
less  intense  on  boiling 
with  hydrochloric  acid, 
and  finally  is  colorless. 

Solution  in 
Alcohol. 

Solution  in  Con- 
centrated H2SO4. 

Reactions, 

Alkalies  turn  solution  a  dark  yellow;  acids 
eftect  no  change. 

Acids  form  a  whitish  precipitate. 

Not  precipitated  by  acids.  Potassium  chlor- 
ide causes  a  crystallization  of  needles. 

Acids  cause  the  fluorescence  to  disappear, 
and  they  also  form  a  precipitate. 

Not  precipitated  by  acids. 

Yellow;  flaky  precipitate  with  alkalies; 
which  is  soluble  in  ether  with  a  pure 
yellow  color  and  a  splendid  green  fluor- 
escence. 

Milky-white    precipitation    by  alkalies, 
which  is  dissolved  again  by  ether— color- 
less with  a  greenish-blue  fluorescence. 

Milky-white    precipitation    bv  alkalies, 
which  is  dissolved  again  by  ether— color- 
less and  without  any  fluorescence. 

Solution  in 
Water, 

Greenish  -  yellow; 
tastes  very  bitter. 

Golden  yellow. 

Golden  yellow. 

IJrownish-yellow; 
a  splendid  green 
fluorescence 

Golden  yellow. 

Name, 

Picnc  Acid. 

Martins'  Yellow. 

Acid  Naphthol 
Yellow. 

Fluorescein. 
(Uranin,) 
Benzyljiuores- 

cein. 
(Chrysoline,) 

ChinoUn  Yellow. 
(Chinaphtalene 
sulpho  acid. ) 

Phosphine. 

Flavaniline. 

Auramine. 

—  y                                                                                                                    >  •  ,  ' 
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DYES  AND  COLORING  MATTERS. 


iL  Remarks. 

yellow. 

orange-brown. 

0 

0 
0 

w 
iz; 

w 
O 

Dyes 

Dyes 

Solution  in 
Alcohol,  j 

-Continued. 

Solution  IN  Con- 
centrated H2SO4. 

Brownish-yellow. 

Brown. 

Yellow;  salmon- 
red  on  dilution. 

Yellow;  carmine- 
red  on  dilution. 

Violet;  red  violet 
on  dilution,  with 
a  simultaneous 
formation  of  a 
steel-gray  precip- 
itate. 

Bluish-green;  vio- 
let on  dilution, 
with  steel-blue 
precipitation. 

ORANGE-RED  COLORS.- 

lEACTIONS. 

ve  a  glittering  red-violet 

ie  and   barium  chloride 
insoluble  precipitates. 

precipitates  a  yellow  salt, 
izes  out  of  excess  of  water 
lets. 

YETJ,OW  AND^ 

Dilute  acids  gi-^ 
precipitate. 

Calcium  chlorit 
give  perfectly 

Barium  chloride 
which  crystall 
in  shining  leaf 

Solution  in 
Water. 

Solution  of  the 
dye    in  water 
forms  a  blood- 
red  jelly  on 
cooling. 

The  solution  does 
not  gelatinize 
on  cooling. 

Yellow. 

Yellow;  crystal- 
lizes on  cooling 
in  glittering  gold 
colored  scales. 

Yellow;  crystal- 
lizes on  cooling. 

Yellow;  crystal- 
lizes on  cooling. 

Name. 

Ckrysoidin. 

Vesuvin. 
(Bismarck 
Brown. 
Phenylene 
Brown. ) 

Fast  Yellow. 

Methyl  Orange. 
Ethyl  Orange. 

Tropseolin  00. 

( Diphenyl- 
amine  Yellow.) 

Yellow  N. 
(Poirrier.) 

•O'j'Riidpo.id 
-B  soAiS  'Bpds  bn«n'BO  (0) 
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Solution  in 
Water. 

Yellow;  crystal- 
lizes on  cooling. 

Yellow;  generally 
dull. 

Orange. 

Yellow. 

Red  orange. 

Red  orange. 

Name. 

Luteolin. 

Citronin. 
(Jaune  Indien, 
Curcumin.) 

Orange  G. 

TropxoUn  0. 

Orange  II. 
(Beta-naphthol 
Orange,  Man- 
darin. ) 

Tropseolin  000. 
Orange  I. 
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DYES  AND  COLORING  MATTERS. 


The  analytical  tables  of  Weingartner  and  Witt,  however,  have 
some  serious  faults.  In  many  cases  the  reduced  colors  (the 
rosanilines  for  example)  are  only  reoxidized  by  the  air  with  ex- 
treme slowness,  and  therefore  may  at  times  be  mistaken  for  other 
colors.  Also,  since  the  publication  of  these  tables,  a  large  num- 
ber of  new  dyestufPs  have  appeared,  and  considerable  modifications 
are  necessary.  A.  G  Green  {Jour.  Soc.  Chem.  Ind.,  xii.  No.  1), 
taking  Weingartner' s  system  as  a  basis,  has  constructed  a  scheme 
of  analysis  which  is  given  in  the  following  tables.  For  group 
reagents  he  employs: 

1.  A  solution  containing  10  per  cent,  of  tannin  and  10  per  cent,  of  sodium 
acetate. 

2.  Zinc  dust  and  dilute  hydrochloric  acid,  or  zinc  dust  and  aqueous  ammonia. 

3.  Solution  containing  1  per  cent,  of  chromic  acid  (for  basic  colors). 

4.  Solution  containing  1  per  cent,  of  chromic  acid  or  potassium  bichromate  and 
5  per  cent,  of  sulphuric  acid  (for  acid  colors). 

The  members  of  the  same  group  are  distinguished  from  each  other  by  their 
behavior  towards  aqueous  acids  and  alkalies,  concentrated  sulphuric  acid,  alcohol, 
etc.,  and  by  their  dyeing  properties.  See  the  reactions  of  the  various  colors  as 
given  by  Witt,  Weingartner,  and  others. 
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The  reduction  with  zinc-dust  is  best  made  by  adding  a  little  of 
the  zinc-dust  to  the  hot  solution  of  the  dyestuff  contained  in  a 
test-tube,  agitating,  and  then  adding  dilute  hydrochloric  acid  drop 
by  drop  until  decolorized.  Any  excess  of  acid  should  be  carefully 
avoided.  In  some  cases  when  the  color  acid  is  very  insoluble,  the 
reduction  should  be  made  with  zinc-dust  and  ammonia.  When 
the  reduced  solution  is  poured  from  the  excess  of  zinc-dust  on  a 
piece  of  white  filter-paper,  and  exposed  to  the  air,  filtration  is  un- 
necessary, as  the  presence  of  a  little  zinc  upon  the  paper  does  not 
interfere  with  the  oxidation.  If  the  color  does  not  return  in  a 
minute  or  two,  the  paper  should  be  touched  with  a  drop  of  the 
chromic  acid  solution  (with  addition  of  sulphuric  acid  for  acid 
colors). 

In  case  of  the  latter  dyestuffs,  the  paper,  after  being  spotted 
with  chromic  acid,  should  be  held  over  a  bottle  of  strong  ammo- 
nia, because  some  acid  colors,  like  the  eosins,  do  not  show  their 
true  color  while  acid. 

A.  G.  Eota  {Chem.  Zeit.,  xxii.  437)  gives  a  systematic  scheme 
for  the  analysis  of  dyestuff s,  based  on  the  chemical  constitution  of 
the  dyestuff.  In  accordance  with  the  views  of  Nietzki  and  Arm- 
strong, the  organic  dyestuffs  are  regarded  as  quinone  derivatives; 
those  having  the  structure  of  mono-  and  di-amidoquinones  are 
capable  of  reduction  by  stannous  chloride,  while  those  in  which 
the  oxygen  atom  of  the  quinone  is  replaced  by  a  divalent  hydro- 
carbon group  are  not  reduced.  Thus,  regarding  0  =  R  =  0  as 
representing  an  ortho-  or  paraquinone,  the  nitroso-,  azo-,  and  imido- 
quinone  dyestuffs  represented  byO  =  R=:N  —  or  —  N  =  R  =  R — 
are  reducible,  but  the  oxyquinone  and  triphenylmethane  dyestuffs 
having  the  composition  0  =  R  =  C  =  and  —  N  =  R  =  C  =  are 
not  reducible. 

The  reduced  coloring  matters  can  be  subdivided  into  two  groups, 
according  to  whether  the  color  is  restored  on  oxidation  with  fer- 
ric chloride;  and  the  unreduced  coloring  matters  can  also  be 
subdivided  according  to  their  behavior  on  treatment  with  caustic 
})otash. 

The  reduction  is  carried  out  in  an  aqueous  or  alcoholic  solution 
of  the  dyestuff  diluted  to  about  1: 10,000.  Of  this  solution  5  c.c. 
are  treated  with  4-5  drops  of  concentrated  hydrochloric  acid  and 
the  same  amount  of  a  10  per  cent,  solution  of  stannous  chloride. 
The  mixture  is  shaken,  and,  if  necessary,  heated  to  the  boiling- 
point.  If  not  entirely  decolorized,  the  solution  should  be  diluted 
still  further  and  more  stannous  chloride  added. 
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A  portion  of  the  aqueous  or  diluted  alcoholic  solution  treated  with  HCl  and  SriCl^- 


Complete  decolorization.^  Reducible 

coloring  matters. 
The  colorless  solution  after  neutralization 
with  KOH  is  treated  with  Fe^Clg,  or 
shaken  with  exposure  to  the  air. 

The  color  is  changed  no  further  than  with 
HCl  alone.   Is  on-reducible  coloring  matters. 

A  part  of  the  original  solution  is  mixed  with 
20  per  cent.  KOH  and  warmed. 

The  liquid  re- 
mains unchanged. 

Coloring  matters 
not  reoxidizable. 

Class  I. 

Nitro-,  nitroso-, 
and   azo  coloring 
matters,  including 
azoxy-  and  hydrazo- 
colors. 

The  original  color 
restored. 

Reoxidizable  col- 
oring matters. 

Class  II. 

Indogenide-  and 
imido-quinone  col- 
oring matters. 

Decolorization  or  a 
precipitate. 

Imido-c  a  r  b  0  -  q  u  i- 
none  coloring  matters. 

Class  III. 

Amido-derivatives  of 
di-  and  tri-  phenj^lme- 
thane,  auramines , 
acridines,  quinolines, 
and  color  derivatives 
of  thiobenzenyl. 

No  precipitation. 
The  liquid  becomes 
more  colored. 

Oxy-  carbo  -  qui  none 
coloring  matters. 

Class  IV. 

Non-amido  diphenyl- 
methane  coloring 
matters,  oxy-ketone 
coloring  matters  (most 
of  the  natural  organic 
coloring  matters). 

^  Some  indulines  are  only  decolorized  with  difficulty,  the  solution  never  be- 
coming quite  colorless. 
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By  means  of  the  preceding  tables  the  group  to  which  a  dyestuff 
belongs  may  be  discovered,  and  it  may  be  further  identified  by  re- 
course to  a  table  of  reactions  for  the  particular  group  in  question. 

The  various  phthaleins  may  be  recognized  by  boiling  the  solu- 
tion of  dyestuff  with  potash  and  zinc-dust,  and  examining  the  fil- 
trate, after  neutralization  with  acetic  acid,  for  bromine  and  iodine. 
Or  the  halogen  may  be  determined  by  igniting  the  dyestuff  with 
lime,  dissolving  in  nitric  acid,  and  examining  the  solution. 

Thiazines  may  be  distinguished  from  oxazines  by  detecting  the 
presence  of  sulphur  by  fusing  the  dye  with  potassium  nitrate,  and 
testing  the  melt  for  sulphuric  acid. 

If  the  dyestuff  has  been  reduced  by  stannous  chloride,  the  re- 
duction product  may  be  further  examined  after  removing  the  tin 
with  hydrogen  sulphide.  Azo-dyestuffs  on  reduction  give  at  least 
two  primary  amines,  which  can  often  be  separated  by  means  of 
ether.  The  reduced  solution,  after  removing  the  tin  with  hydro- 
gen sulphide,  is  treated  with  caustic  potash  and  shaken  with  ether. 
The  non-sulphonated  amine  will  dissolve  in  the  ether,  leaving  the 
sulphonated  amine  in  the  aqueous  layer.  The  latter  may  fre- 
quently be  further  identified  by  observing  the  characteristic  azo- 
com pounds  formed  with  certain  diazo-derivatives.  The  presence 
of  a  para-diamine  is  recognized  by  the  thiazine  reaction,  which  is 
a  treatment  of  the  solution  freed  from  tin  with  ferric  chloride  and 
hydrochloric  acid  in  the  presence  of  hydrogen  sulphide.  In  non- 
amido-dyestuffs  this  reaction  also  affords  a  method  of  distinguish- 
ing between  mono-  and  disazo-dyestuffs,  and  it  is  also  possible  to 
decide  whether  a  sulphonic  acid  group  is  in  the  side  or  middle 
ring,  since  in  the  former  case  a  thiazine  is  formed,  which  in  the 
presence  of  caustic  potash  can  be  extracted  with  ether,  whereas  a 
sulphonated  thiazine  remains  in  the  aqueous  solution. 

For  the  separation  of  mixed  dyestuffs,  Rota  suggests  an  extrac- 
tion with  ether.  For  instance,  it  is  possible  to  separate  basic  from 
acid  dyestuffs  by  adding  a  20  per  cent,  solution  of  caustic  potash 
to  the  aqueous  solution  of  the  coloring  matter  and  shaking  with 
three  times  the  volume  of  ether;  the  free  bases  will  dissolve  in  the 
ether  and  leave  the  acids  in  the  aqueous  layer.  The  latter  solution 
is  neutraHzed  with  acetic  acid  and  subsequently  examined.  The 
ethereal  solution  is  washed  with  slightly  alkaline  water  and  then 
shaken  with  one- third  of  its  volume  of  a  five  per  cent,  solution  of 
acetic  acid;  the  acid  layer  on  evaporation  leaves  the  dyestuff  as  a 
residue.    Some  dyestuffs  are  not  extracted  by  the  acetic  acid,  in 
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tvhich  case  they  are  obtained  by  evaporation  of  the  ethereal 
solution. 

The  acid  coloring  matters  may  often  be  separated  by  successive 
extractions  with  ether,  by  means  of  which  they  are  separated  into 
three  groups: 

(1)  Those  extracted  by  ether  in  the  presence  of  one  per  cent, 
acetic  acid  solution. 

(2)  Those  extracted  by  ether  in  the  presence  of  hydrochloric  or 
sulphuric  acid. 

(3)  Those  insoluble  in  ether. 

By  treating  the  ethereal  solutions  with  water  and  dilute  ammo- 
nia, a  further  separation  can  often  be  made  (picric  acid  from 
Martins'  yellow). 

At  times,  when  a  separation  cannot  be  effected  by  means  of 
ether,  it  is  possible  to  do  so  with  wool.  In  such  cases  an  aqueous 
solution  (1: 1000)  of  the  dyestuff  should  be  made  alkaline  with  a 
few  drops  of  ammonia  and  boiled  with  wool  as  long  as  the  fibre  is 
dyed.  The  latter  is  then  washed  with  hot  ammonia  water,  with 
pure  water,  and  finally  extracted  with  a  five  per  cent,  solution  of 
hot  acetic  acid.  On  evaporation  of  this  extract  the  basic  coloring 
matters  are  left,  and  can  be  further  examined.  In  the  separation 
of  acid  coloring  matters,  an  aqueous  solution  (1: 1000)  of  the  dye- 
stuff  should  be  acidified  with  a  few  drops  of  hydrochloric  acid  and 
boiled  with  wool  as  long  as  any  color  is  extracted.  The  dyed  wool 
is  washed  with  acidulated  water,  then  with  pure  water,  and  finally 
extracted  with  a  five  per  cent,  solution  of  ammonia.  On  expelling 
the  ammonia  by  boiling  the  color  is  obtained  in  a  neutral  solution, 
and  by  treating  wool  with  this  solution  a  separation  of  some 
dyestuffs  may  be  effected. 

Other  separations  may  be  brought  about  by  dyeing  wool  in  a 
neutral,  or  in  a  strongly  acid  bath.  Cotton  may  also  be  employed 
for  separating  the  direct  cotton  colors  from  the  indirect. 

When  a  doubt  exists  as  to  the  identity  of  a  coloring  matter,  it  is 
often  of  service  to  dye  some  fibre  with  it,  when  its  behavior  in  an 
acid  and  alkaline  bath,  with  and  without  mordants,  and  the  color 
and  reactions  of  the  material  will  render  recognition  certain  and 
easy. 

Absorption- Spectra  of  Coloring  Matters. 

A  valuable  aid  to  the  recognition  of  many  coloring  matters  con- 
sists in  the  observation  of  the  absorption-spectrum.    For  this  pur- 
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pose  a  pocket  spectroscope  will  often  suffice,  but  it  is  far  better  to 
employ  a  micro-spectroscope,  furnished  with  a  proper 
comparison-stage  and  reflecting  prism,  so  as  to  allow  of  the  spec- 
trum of  the  coloring  matter  under  examination  being  viewed  in 
juxtaposition  with  the  spectra  of  standard  specimens  of  known 
origin. 

In  comparing  the  standard  liquid  with  the  sample,  it  is  neces- 
sary to  regulate  the  light,  so  that  neither  spectrum  shall  suffer 
from  the  excess  of  illumination.  This  may  be  done  very  effectu- 
ally in  the  case  of  an  object  placed  on  the  stage  by  the  ordinary 
diaphragm  attached  to  the  microscope.  The  comparison-stage 
should  be  furnished  with  a  slit,  giving  a  means  of  regulating  the 
intensity  of  the  light  falling  upon  the  comparison-prism.  In  using 
the  micro-spectroscope,  it  is  usual  to  employ  the  coloring  matters 
in  the  state  of  solution,  and  it  is  not  desirable  to  use  too  high  a 
dispersive  power,  as  in  that  case  the  absorption-bands  are  apt  to  be 
imperfectly  defined.  The  nature  of  the  solvent  is  by  no  means  an 
unimportant  factor  in  the  results  obtained,  H.  C.  S  o  r  b  y  having 
found  that  the  position  of  the  absorption-bands  was  in  certain 
cases  sensibly  affected  by  the  nature  of  the  solvent  employed. 
When  possible,  it  is  always  desirable  to  use  aqueous  solutions. 
The  liquid  to  be  examined  with  the  micro-spectroscope  is  most 
conveniently  placed  in  a  small  cell  made  by  cementing  a  piece  of 
barometer-tube  (half  an  inch  to  an  inch  in  length)  to  a  glass  mi- 
croscope-slide by  means  of  purified  gutta-percha.  The  cement  is 
not  acted  on  by  w^ater,  alcohol,  or  acid  or  alkaline  solutions.  The 
tube-cell  being  filled  with  the  liquid,  is  covered  with  a  thin  piece 
of  glass  (microscope-cover).  This  is  not  absolutely  necessary  un- 
less some  change  is  anticipated  from  the  action  of  the  air  on  the 
contents  of  the  cell,  but  the  precaution  adds  to  the  perfection  of 
the  definition.  In  recording  the  results  of  a  micro-spectroscopical 
examination,  Sorby  has  suggested  the  use  of  an  interference-spec- 
trum, which  divides  the  visible  spectrum  into  twelve  equal  parts. 
With  such  an  arrangement  the  sodium  line  D  comes  very  accu- 
rately at  3J,  that  is  to  say,  in  the  middle  of  the  fourth  light-space; 
the  bands  being  shaded  off  gradually  on  each  side,  so  that  the 
shaded  portions  are  about  equal  to  the  intermediate  bright  spaces. 
On  this  scale,  the  positions  of  the  principal  lines  of  the  solar 
spectrum  are  about  as  follows: — 

A        B        C        1)        E        6        F  G 
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In  using  the  micro-spectroscope  it  is  desirable  to  perform  the 
operations  and  to  subject  the  coloring  matter  to  the  action  of  re- 
agents as  much  as  possible  in  the  very  tube-cell  used  for  the 
observation  of  the  absorption-spectrum. 

In  working  with  the  micro-spectroscope  it  is  very  important  to 
employ  a  strength  of  solution  which  will  allow  of  the  absorption- 
bands  being  well  defined,  and  yet  permit  of  as  much  light  passing 
as  is  compatible  with  distinct  absorption.  The  proper  strength  to 
use  can  only  be  ascertained  by  experiment  in  each  case,  the  most 
convenient  plan  being  to  employ  a  concentrated  solution  first  of 
all,  and  then  to  dilute  it  with  an  appropriate  solvent  until  the 
absorption-bands  become  weak,  noting  the  spectrum  after  each 
change  in  concentration.  Solutions  should  be  kept  in  small  test- 
tubes,  hermetically  sealed  and  filled  as  completely  as  possible  with 
the  liquids;  but  even  under  such  conditions  many  coloring  mat- 
ters, especially  those  derived  from  plants,  undergo  profound  change. 
Hence  it  is  never  safe  to  compare  a  recently  prepared  solution  of  a 
coloring  matter  with  one  which  has  been  kept  some  time,  unless  it 
has  been  distinctly  ascertained  by  previous  experience  that  it  is 
not  liable  to  suffer  change  by  long  keeping.  In  employing  the 
method  as  a  means  of  differentiating  colors  it  is  highly  important 
to  compare  the  results  with  those  produced  by  the  pure  coloring 
matters."^ 

The  absorption-spectrum  of  a  liquid  containing  two  distinct  col- 
oring matters  not  having  any  chemical  action  on  each  other  is 
identical  with  that  which  will  be  produced  if  the  light  traverse 
solutions  of  the  two  coloring  matters  in  succession/    By  employ- 

'  The  solid  reagents  should  be  employed  in  the  form  of  coarse  powder  or  small 
grains,  which  can  be  added  to  the  solution  in  the  tube  of  the  cell  by  means  of  a 
stout  platinum  wire,  hammered  out  into  a  spatular  form  at  one  end.  The  reagent 
is  best  mixed  with  the  liquid  by  means  of  a  small  platinum  wire,  of  which  the 
flattened-out  part  is  bent  up  at  right  angles  so  as  to  form  a  miniature  hoe.  By 
the  vertical  motion  of  this  in  the  cell  very  speedy  solution  and  admixture  of  the 
reagent  are  obtained. 

^  A  large  number  of  observations,  together  with  valuable  hints  in  manipulation, 
and  an  attempt  at  a  systematic  qualitative  discrimination  of  animal  and  vegetable 
coloring  matters  by  the  micro-spectroscope,  have  been  published  by  H.  C.  S  o  r  by 
{Proceedings  of  the  Boyal  Society,  No.  92,  1867). 

^  The  well-known  production  of  green  by  the  mixture  of  blue  and  yellow  is  due 
to  this  cause.  All  yellow  solutions  transmit  (and  all  yellow  pigments  reflect)  the 
greater  part  of  the  red,  yellow,  and  green  light  of  the  spectrum,  while  absorbing 
the  blue  and  violet.    Most  blue  liquids  (and  pigments)  absorb  the  green  rays 
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ing  a  reagent  which  will  destroy  or  modify  one  of  the  colors  in  a 
mixed  solution  without  affecting  the  other,  most  valuable  informa- 
tion may  be  obtained,  and  in  researches  on  unknown  coloring  mat- 
ters evidence  is  often  thus  afforded  of  the  complex  nature  of  the 
substance  under  observation. 

P.  S  c  h  o  o  p  (Jottr.  Soc.  Dyers,  &c. ,  ii.  71)  has  described  a  means 
by  which  the  absorption-spectrum  of  a  coloring  matter  may  be  ap- 
plied to  its  quantitative  determination.  Girard  and  Pabst 
(Compt.  Rend.,  ci.  156)  have  described  and  given  drawings  of  sev- 
eral coal-tar  dyes  likely  to  be  used  for  adulterating  wines  and 
syrups.  In  some  cases  they  can  be  extracted  and  separated  from 
the  natural  coloring  matters  by  agitating  the  acidulated  liquid  with 
amy  lie  alcohol. 

In  the  case  of  dyed  fibres  the  absorption-spectrum  of  the  color- 
ing matter  may  be  conveniently  examined  by  stretching  a  thread 
of  the  yarn  or  a  very  thin  strip  of  the  woven  fabric  across  a  black- 
ened card  or  other  black  surface.  The  strip,  which  is  used  in  place 
of  a  slit,  is  strongly  illuminated,  preferably  by  direct  sunlight,  and 
observed  by  a  spectroscope  with  a  widely-opened  slit,  and  the  tele- 
scope focussed  on  the  card.  In  this  manner  very  useful  results  are 
sometimes  obtainable. 

Form  an  ek  {Zeits.  Nahr- und  Genussmittel,  1899,  206),  in  his 
spectroscopic  investigations  on  dyestuffs,  has  found  that  the  bands 
of  some  dyestuffs  in  the  same  solvent  are  very  close  together;  that 
some  dyestuffs  do  not  possess  any  absorption-bands  at  all;  and,  in 
cases  where  the  dispersion  is  Small,  the  absorption-bands  of  some 
dyestuffs  are  superposed.  In  order  to  obviate  these  difficulties  he 
examined  dyestuffs  in  different  solutions,  by  which  the  positions  of 
the  bands  were  altered,  or  the  same  effect  was  produced  by  adding 
acids  or  alkalies. 

very  imperfectly,  and  it  is  only  such  impure  blues  which  produce  greens  on  ad- 
mixture with  yellows.  If  the  light  which  has  traversed  such  a  blue  solution, 
e.  g.,  indigo-extract  for  which  is  reflected  from  such  a  blue  pigment)  be  trans- 
mitted through  a  yellow  liquid  (e.  g.,  picric  acid,  or  an  ammoniacal  solution  of 
potassium  chromate),  the  green  portion  of  the  spectrum  will  be  almost  the  only 
part  which  survives  the  double  absorption,  and  hence  the  light  transmitted  ap- 
pears green. 
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Fluorescence  of  Coloring  Matters.^ 

Many  coloring  matters,  e.  g.,  some  of  the  eosins,  magdala-red, 
purpurin,  turmeric,  resorcin-blue,  &c.,  exhibit  characteristic  _/?wor- 
escence.  It  is  absolutely  necessary  that  the  liquid  to  be  observed 
should  be  perfectly  clear,  as  the  presence  of  minute  suspended  par- 
ticles often  causes  the  production  of  a  spurious  fluorescence,  which 
may  lead  to  very  erroneous  conclusions.  As  a  rule,  the  phenom- 
enon of  fluorescence  may  be  observed  by  filling  a  small  test-tube 
with  the  fluorescent  Hquid,  holding  it  in  a  vertical  position  before 
a  window,  and  observing  the  liquid  from  above  against  a  dark 
background.  Another  plan  is  to  make  a  thick  streak  of  the  liquid 
on  a  piece  of  polished  jet  or  black  marble  or  on  a  glass  plate 
smoked  at  the  back,  and  to  place  the  streaked  surface  in  front  of, 
and  at  right  angles  to,  a  well-lighted  window.  In  this  manner 
very  faint  fluorescence  may  be  detected. 

In  some  cases  the  following  method  of  observing  fluorescence 
may  be  advantageously  employed.  A  cell  is  made  by  cementing  a 
piece  of  barometer-tube,  about  f  inch  in  length  and  having  an  in- 
ternal diameter  of  ^  inch,  to  a  glass  microscope-slide,  by  means  of 
black  sealing-wax.  The  open  end  of  the  cell  must  be  well  pol- 
ished. On  introducing  a  clear  solution  of  any  fluorescent  sub- 
stance, covering  the  cell  with  a  piece  of  thin  glass,  placing  the 
slide  on  the  stage  of  the  microscope,  illuminating  the  tube-cell  at 
the  side  by  means  of  strong  daylight,  and  looking  down  and  ob- 
serving the  cell  longitudinally  by  a  low  microscopic  power,  the 
liquid  will  appear  more  or  less  turbid,  and  of  a  color  dependent  on 
the  nature  of  the  substance  in  solution.  If  no  fluorescent  body  be 
present  the  field  will  appear  perfectly  black,  as  no  light  is  reflected 
from  the  apparatus  or  the  liquid.  When  desired,  the  spectrum  of 
the  fluorescent  light  can  be  observed  by  the  micro-spectroscope. 
In  some  instances  the  spectrum  thus  obtained  shows  remarkable 
and  characteristic  bands. 

On  the  fibre  the  fluorescence  of  a  dye  is  best  shown  by  silk. 
Wool  shows  it  sometimes,  but  on  cotton  the  fluoresence  can  rarely 
be  observed,  owing  to  the  rough  character  of  the  fibre. 

^R.  Meyer  fjBer.  xxxi.  510)  attempts  to  show  that  the  fluorescence  in  some 
groups  of  organic  compounds,  like  their  color,  is  dependent  on  the  presence  in  the 
molecule  of  certain  groups  of  atoms,  to  which  he  proposes  to  give  the  name  "Flu- 
orspore."  This  group  is  either  a  pyrone  ring  situated  between  more  complex 
nuclei  or  the  phthalic  residue  (anthracene  derivatives  and  bodies  containing 
nitrogen  and  sulphur  being  excepted). 
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Examination  of  Commercial  Coloring  Matters. 

Dyes  derived  from  coal-tar  are  usually  definite  chemical  com- 
pounds, and  hence  when  pure  any  particular  dye  should  be  of  con- 
stant quality.  The  practice  of  mixing  inert  matters  with  coal-tar 
dyes  ostensibly  to  bring  the  colors  to  a  definite  standard  of  strength, 
but  possibly  with  the  additional  object  of  direct  adulteration,  is 
unfortunately  very  common.  In  some  cases,  especially  where  the 
dyes  are  intended  for  exportation,'  the  "standard"  of  strength  is 
as  low  as  2J  per  cent,  of  actual  coloring  matter,  and  in  other  cases, 
if  not  carried  so  far,  adulteration  is  so  generally  practiced  that  the 
pure  coloring  matters  are  almost  unknown  commercially  {Jour. 
Soc.  Dyers,  &c.,  iv.  70). 

Among  the  adulterants  most  largely  used  are  common  salt,  sul- 
phate of  sodium,  and  dextrin.  Sulphate  of  magnesium  is  also 
employed,  as  also  oxalic  acid  and  certain  oxalates,  sugar,  glucose, 
starch,  &c.  J.  J.  Hummel  has  described  a  sample  of  spurious 
magenta,  consisting  of  crystals  of  acid  oxalate  of  potassium,  coated 
over  with  real  magenta  by  steeping  them  in  an  alcoholic  solution 
of  the  dye.  Bronze-powder  has  been  employed  for  adulterating 
certain  aniline  dyes. 

Excess  of  water  is  very  common  in  paste-dyes.  The  water  itself 
may  be  determined  by  drying  a  known  weight  at  100°  and  observ- 
ing the  loss,  but  it  must  not  be  assumed  that  the  residue  represents 
the  true  coloring  matter  of  the  sample.  The  dry  residue  should 
be  macerated  with  warm  water  in  a  mortar,  and  the  solution  fil- 
tered. The  insoluble  matter  is  then  again  weighed,  or  the  dis- 
solved matter  is  determined  by  evaporating  an  aliquot  part  of  the 
solution,  when  a  residue  may  be  obtained,  consisting  of  common 
salt,  dextrin,  glucose,  glycerin,  etc. 

The  presence  of  mineral  matters  generally  may  be  detected  and 
determined  by  burning  a  known  weight  of  the  sample  and  weigh- 
ing the  ash,  but  it  must  be  remembered  that  metallic  oxides  and 
alkali-metal  salts  are  left  on  the  ignition  of  many  pure  dyes.  This 
will  h?,  the  case  with  sulphonated  dyes,  double  zinc  salts,  the  salts 
of  acid  coloring  matters,  and  many  others. 

Common  salt  is  so  commonly  employed  for  salting  out  coal-tar 
dyes  from  their  solutions,  that  its  presence  in  moderate  amount  in 
non-crystalline  coloring  matters  must  not  be  mistaken  for  an  inten- 
tional addition  with  a  view  of  increasing  the  weight.  The  direct 
application  of  silver  nitrate  to  the  solution  must  not  be  relied  on 
for  the  detection  of  common  salt  unless  the  dye  is  such  as  will  not 


EXAMINATION  OF  COMMERCIAL  COLORING  MATTERS.  513 

contain  the  coloring  matter  in  the  form  of  a  hydrochloride  of  the 
base,  or  yield  an  insoluble  silver  salt;  but  any  chloride  found  in 
the  ash  left  on  igniting  the  sample  probably  existed  as  common 
salt,  which  usually  can  be  recognized  in  the  ash  by  its  taste.  The 
eosins  leave  chlorides,  bromides,  or  iodides  on  ignition;  but  if  the 
aqueous  solution  of  the  coloring  matter  be  acidulated  with  dilute 
sulphuric  acid  and  agitated  with  ether,  the  dye  will  pass  into  the 
ethereal  layer,  and  after  repeating  the  process  till  extraction  is 
complete,  the  aqueous  layer  may  be  at  once  tested  for  chlorides  by 
adding  silver  nitrate. 

The  presence  of  sulphate  of  sodium  in  the  ash  does  not  prove  the 
existence  of  that  salt  as  an  adulterant  of  the  original  coloring  mat- 
ter, since  sulphonated  dyes  usually  leave  a  sulphate  or  sulphite  of 
alkali-metal  on  ignition.  The  presence  of  a  sulphate  may  be  de- 
tected by  the  addition  of  barium  chloride,  to  the  acidulated  solu- 
tion of  the  original  sample,  but  the  precipitate  obtained  often  con- 
sists w^holly  or  largely  of  the  barium  salt  of  the  sulphonated  dye. 
On  filtering,  and  treating  the  precipitate  with  ammonium  carbon- 
ate, the  sulphonate  will  be  dissolved  with  formation  of  barium  car- 
bonate, and  on  then  washing  the  residue  and  treating  it  with  dilute 
hydrochloric  acid  any  barium  sulphate  will  be  left  undissolved. 
Sodium  sulphate  is  often  present  in  the  azo-dyes,  and  may  be  de- 
tected by  saturating  the  aqueous  solution  with  chemically  pure 
chloride  of  sodium,  when  the  sulphonated  coloring  matter  will  be 
precipitated,  and  the  sulphate  can  be  detected  by  adding  barium 
chloride  to  the  diluted  and  acidified  filtrate.  Sodium  sulphate 
may  frequently  be  detected,  especially  if  present  in  any  considera- 
ble amount,  by  carefully  dissolving  the  dyestuff  in  strong  alcohol, 
when  the  sodium  sulphate  will  be  left  as  a  white  residue,  which 
may  be  dissolved  in  water  and  tested  with  barium  chloride. 

The  presence  of  magnesium  in  quantity  in  the  solution  or  ash 
of  a  dye  almost  invariably  indicates  adulteration  with  magnesium 
sulphate. 

Eosin  dyes  sometimes  contain  carbonates  of  alkali-metals,  which 
will  be  detected  by  the  evolution  of  carbon  dioxide  on  acidifying. 

Dextrin  is  usually  recognizable  by  its  odor  on  dissolving  the  dye 
in  warm  water,  or  on  heating  it  in  a  test-tube.  Where  it  is  desired 
to  ascertain  the  amount,  from  1  to  2  grammes  of  the  coloring  mat- 
ter should  be  washed  with  strong  alcohol,  the  residue  dissolved  in 
the  smallest  possible  quantity  of  water,  and  the  solution  filtered 
into  a  tared  beaker  containing  a  weighed  glass  rod.  Alcohol  is 
33 
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then  gradually  added  as  long  as  a  precipitate  is  formed,  whereby 
the  dextrin  is  separated  in  flocks,  which  on  stirring  become  at- 
tached to  the  sides  of  the  beaker.  The  liquid  is  poured  off,  and 
the  beaker  and  glass  rod  rinsed  with  rectified  spirit,  dried  at  100° 
or  slightly  higher  temperature,  and  weighed. 

Sugar  is  not  infrequently  employed  as  an  adulterant  of  dyes. 
Crystallized  magenta  is  often  thus  sophisticated. 

On  spreading  out  such  a  sample  on  a  piece  of  white  paper  placed 
in  a  strong  light,  the  large  fragments  may  be  recognized  by  their 
edges  being  less  deeply  tinted  than  the  genuine  crystals  of  the  dye. 
When  removed  and  cautiously  washed  with  strong  alcohol,  the 
sugar  fragments  become  nearly  colorless,  and  may  be  identified  by 
the  odor  of  caramel  produced  on  heating.  The  amount  of  sugar 
present  may  be  ascertained  in  many  cases  with  approximate  accu- 
racy by  treating  a  known  weight  of  the  sample  with  absolute  alco- 
hol saturated  with  sugar,  or  with  alcohol  mixed  with  a  little  ether. 
A  method  of  determining  sugar  in  magenta  and  other  basic  dyes 
consists  in  precipitating  the  hot  aqueous  solution  by  picric  acid. 
The  filtered  liquid  is  treated  with  basic  acetate  of  lead,  again  fil- 
tered, the  lead  in  the  filtrate  removed  by  sulphuretted  hydrogen  or 
sulphurous  acid,  and  the  sugar  estimated  polarimetrjcally,  or 
inverted  and  determined  by  Fehling's  solution. 

Starch  is  left  insoluble  on  treating  the  sample  with  cold  water 
or  alcohol,  and  may  be  readily  recognized  in  the  residue  by  its 
microscopical  characters  and  the  blue  coloration  produced  with 
iodine. 

Arsenic  is  sometimes  met  with  as  an  impurity  in  magenta  and 
other  aniline  dyes,  though  the  frequency  of  its  occurrence  has  been 
exaggerated.  It  may  be  detected  and  determined  as  described  on 
page  283. 

Antimony  and  other  poisonous  metals  are  sometimes  employed 
for  mordanting  dyes,  and  irritation  of  the  skin  and  other  ill  effects 
have  been  attributed  to  their  presence.  The  subject  has  been  dis- 
cussed at  length  by  J.  R.  Ash  well  and  H.  Forth  {Jour.  Soc. 
Chem.  Ind.,  v.  226,  301). 

Foreign  coloring  matters  may  often  be  recognized  by  a  judicious 
treatment  with  solvents,  or  more  systematically  as  described  in 
the  preceding  pages. 

A  valuable  mode  of  ascertaining  the  actual  percentage  of  color- 
ing matter  in  a  coal-tar  dye  consists  in  comparing  its  oxidizing 
power  with  that  of  an  equally  concentrated  solution  of  some  pure 
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dye  of  the  same  nature,  used  under  precisely  similar  conditions. 
For  this  purpose  two  equal  quantities  of  solution  of  sodium  hydro- 
sulphite  (NaHS02)  should  be  introduced  into  small  flasks  contain- 
ing a  little  petroleum  burning-oil  (kerosene).  If  magenta  is  the 
color  to  be  examined,  a  solution  of  rosaniline  of  known  strength 
is  then  run  in  from  a  burette,  while  the  flask  is  immersed  in  boil- 
ing water.  The  decolorization  is  instantaneous,  and  the  process  is 
at  an  end  when  a  permanent  pink  tint  is  obtained.  An  equal  vol- 
ume of  the  h3''drosulphite  is  then  treated  in  an  exactly  similar 
manner  with  the  solution  of  the  sample  to  be  tested,  when  the  vol- 
ume run  in  from  the  burette,  compared  with  the  measure  of  pure 
rosaniline  solution  previously  employed,  gives  the  requisite  data 
for  calculating  the  purity  of  the  sample.  When  it  is  merely  de- 
sired to  compare  the  relative  purity  of  two  dyes,  one  of  them  is 
employed  instead  of  the  standard  sample. 

According  to  A.  Stamm  {Jour.  Chem.  Soc,  xxvi.  1263)  1  mole- 
cule of  any  aniline  dye  reduces  the  same  volume  of  hydrosulphito 
as  2  molecules  of  ammonio-cupric  sulphate,  and  hence  the  method 
may  be  employed  for  ascertaining  the  molecular  weights  of  aniline- 
derivatives.  Hofmann's  violet  and  Paris  violet  give  absolutely 
identical  results,  and  Paris  green  requires  a  volume  of  hydrosul- 
phito closely  corresponding  to  the  formula  C2(jHj7(CH3)5N3Cl2 + 

Another  useful  quantitative  method  of  examining  many  basic 
dyes  consists  in  precipitating  the  solution  by  a  standard  solution  of 
picric  acid,  in  the  manner  described  on  page  117. 

Night  blue  may  also  be  employed  for  the  purpose  of  ascertaining 
the  value  of  certain  colors.  R  a  w  s  on  (Jour.  Soc.  Dyers,  &c.,  1888- 
82)  describes  this  method  as  applied  to  naphthol  yellow.  A  stand- 
ard solution  of  night  blue  is  prepared  by  dissolving  10  grammes  of 
the  dyestuff  in  50  c.c.  of  glacial  acetic  acid,  and  diluting  to  1  litre 
with  water.  Solutions  of  samples  of  naphthol  yellow  S  are  pre- 
pared containing  1  gramme  per  litre.  10  c.c.  of  the  solution  of 
night  blue  are  placed  in  a  small  flask  and  the  solution  of  naphthol 
yellow  is  run  in  from  a  burette  until  a  portion  of  the  liquid  on 
filtration  shows  a  yellow  tint.  The  value  of  the  samples  examined 
will  be  in  inverse  proportion  to  the  number  of  c.c.  required  to 
precipitate  10  c.c.  of  night  blue  solution.  The  latter  may  be 
standardized  by  the  use  of  pure  recrystallized  naphthol  yellow  S. 
and  the  percentage  of  pure  dyestuff  in  the  sample  may  thus  be 
found.    1  gram  of  commercial  night  blue  will  precipitate  about 
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0.25  gram  of  pure  dry  naphthol  yellow  S  ;  it  would  thus  appear 
that  two  molecules  of  night  blue  combine  with  one  molecule  of 
naphthol  yellow  S. 

This  method  is  applicable  in  general  to  the  valuation  of  azo- 
dyes;  but  care  should  be  observed  that  in  the  comparison  of  two 
dyestuffs  they  should  possess  a  similar  constitution.  But  sam- 
ples of  the  same  dyestuff  can  be  compared  by  this  process  with 
great  precision. 

A  simple  and  useful  means  of  examining  coloring  matters  is  by 
making  a  solution  and  diluting  it  with  water  or  alcohol  (as  the  case 
may  require)  until  the  depth  of  color  is  identical  with  that  of  a 
solution  of  known  strength  made  from  a  standard  specimen.  The 
operation  is  conducted  in  a  manner  similar  to  the  Nessler  test  for 
ammonia  in  water,  or  the  colorinietric  determination  of  carbon  in 
steel. 

One  of  the  best  methods  of  assaying  aniline  dyes,  both  for  purity 
of  tone  and  amount  of  coloring  matter,  is  to  compare  the  dyeing 
powers  of  the  sample  with  those  of  a  specimen  of  known  purity. 
As  a  rule,  from  1  to  3  grammes  of  each  specimen  should  be  dis- 
solved in  a  litre  of  distilled  water.  Equal  weights  of  unstoved 
white  woolen  yarn  are  suspended  in  each  solution.  The  liquids 
are  immersed  in  the  same  water-bath,  which  is  heated  gradually 
to  80°  C.  After  an  interval  of  one  hour  from  the  commencement, 
the  temperature  may  be  increased  till  the  water  boils,  and  after 
another  half  hour  the  swatches  of  wool  may  be  removed,  rinsed 
with  water,  and  their  tints  compared.  When  the  wool  is  not  dyed 
to  an  extent  approaching  saturation,  it  is  easy  to  compare  the 
relative  depths  of  the  tints.  By  employing  1  gramme  of  the 
standard,  and  several  quantities,  varying  from  1  to  2  grammes,  of 
the  sample  to  be  compared,  it  is  easy  to  arrive  at  their  relative 
dyeing  powers.  As  a  rule,  water  only  is  necessary,  but  some  dyes 
are  best  tested  in  a  slightly  acid  solution.  In  testing  soluble 
blues,  the  wool  should  be  heated  to  boiling  in  a  dilute  solution  of 
the  dye  to  which  borax  has  been  added,  and  the  swatches  then  re- 
moved, rinsed  with  water,  and  the  color  developed  by  immersion 
in  dilute  acid.' 

Another  method  of  operating  is  to  dissolve  0.5  gramme  of  the 
coloring  matter  in  warm  alcohol,  and  dilute  the  solution  to  50  c.c, 
so  as  to  obtain  a  1  per  cent,  solution  of  the  dye.  Some  water  is 
heated  nearly  to  boiling  in  a  porcelain  basin,  and  1  gramme  of 

^  For  description  of  a  suitable  dyeing  apparatus,  see  page  248. 
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fine  white  wool  immersed  in  it  till  thoroughly  wet.  The  wool  is 
then  removed,  and  1  or  2  c.c.  of  the  dye  solution  added,  after 
which  the  wool  is  put  back  and  the  liquid  heated  for  ten  minutes. 
Should  the  whole  of  the  color  be  taken  up,  the  wool  is  again  re- 
moved, another  addition  to  the  dye  solution  made,  the  dyeing 
repeated,  and  so  on  till  the  wool  is  saturated  The  volumes  of 
dye-solutions  decolorized  by  the  wool  in  a  series  of  experiments 
will  be  inversely  as  the  purity  of  the  samples  of  dye  examined. 

Some  dyes,  such  as  picric  acid,  cannot  be  completely  withdrawn 
from  their  solutions,  and  in  such  cases  the  method  is  not  appli- 
cable. In  many  instances,  mixtures  of  dyes  can  be  detected  by 
dyeing  successive  small  portions  of  wool  in  the  same  bath,  when 
the  color  fixed  will  often  be  notably  different  in  tint,  owing  to  the 
varying  affinity  of  different  dyes  for  the  fibre. 

Special  methods  of  applying  miniature  dye-tests  to  certain 
coloring  matters  are  described  in  the  preceding  sections. 

Examination  of  Dyed  Fibres. 

W.  Stein  (Dingl.  polyt  Jour.,  ccx.  245)  gives  the  following  di- 
rection for  testing  the  fastness  of  dyes  on  colored  fibres.  They 
must  be  received  with  caution  so  far  as  the  newer  coal-tar  dyes  are 
concerned: — Red  dyes  should  not  color  lime-w^ater  or  soap  solution 
when  dyed  therewith,  and  the  fabrics  themselves  should  not  be 
altered  in  color  by  this  treatment.  A  negative  result  when  thus 
treated  indicates  the  absence  of  brazil-wood,  archil,  safflower,  san- 
dal-wood, and  many  coal-tar  dyes.  Violet  dyes  may  be  considered 
unstable  if  they  yield  any  considerable  quantity  of  their  color 
when  boiled  with  a  mixture  of  equal  parts  of  rectified  spirit  and 
water,  and  left  to  stand  for  fifteen  minutes;  or  if,  on  boiling  with 
dilute  hydrochloric  acid,  they  change  in  color  to  brown  or  brown- 
ish-red, and  color  the  liquid  red.  Fast  blue  dyes  should  not  give 
up  any  coloring  matter  when  boiled  with  alcohol  or  warmed  with 
a  mixture  of  hydrochloric  acid  with  water  and  alcohol.  Green 
dyes  when  boiled  with  alcohol  should  not  color  the  liquid  either 
blue,  green,  or  yellow;  and  hot  hydrochloric  acid  should  not  ac- 
quire a  red  or  a  blue  color  from  green  fabrics.  The  fastest  yellow 
is  madder-yellow,  which  yields  no  color  to  either  waiter,  alcohol, 
or  lime-water  used  in  succession.  Orange  dyes  should  not  be  dis- 
solved from  the  fibre  by  boiling  water  or  warm  alcohol.  Brown 
dyes  may  be  considered  unstable  if  they  color  boiling  water  red, 
or  give  a  yellow  color  to  alcohol  when  left  in  contact  with  it.    If  a 
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black  fibre,  when  boiled  with  dilute  hydrochloric  acid,  colors  the 
liquid  merely  yellow,  it  may  be  considered  fast,  as,  for  instance, 
tannin-black;  and  if  the  color  of  a  fresh  portion  is  changed  to 
brown  when  boiled  with  a  solution  of  carbonate  of  sodium,  there 
is  probably  only  tannin-black  present.  If  the  fibre  thus  treated 
remains  black  or  turns  blue,  it  is  probably  bottomed  with  indigo 
under  the  tannin-black;  while  if  the  fabric  colors  hot  dilute  hydro- 
chloric acid  red,  and  is  itself  turned  brown  by  the  treatment,  it  is 
dyed  with  logwood-black,  and  may  be  considered  unstable;  but  if 
when  boiled  with  acid  the  stuff  becomes  blue  and  colors  the  liquid 
red,  it  is  logwood-black  bottomed  with  indigo,  and  will  have  a 
certain  degree  of  stability. 

The  power  of  a  dyed  color  to  withstand  the  action  of  certain  re- 
agents either  chemical  or  physical  is  of  considerable  importance  in 
determining  the  suitability  of  a  dyestuff  for  a  particular  purpose 
The  fastness  of  colors  has  reference  to  their  permanence  against 
the  action  of  light,  washing,  fulling,  acids,  alkalies,  stoving  (sulphur), 
bleaching  (chlorine),  ironing  (calendering),  rubbing  and  perspira- 
tion. The  required  degree  of  fastness  of  any  color  will  of  course, 
depend  on  the  use  to  which  the  dyed  material  is  to  be  put;  some 
goods  requiring  very  fast  dyes,  whereas  others  do  not.  In  order  to 
determine  the  fastness  of  any  dyestuff  to  the  various  agencies 
above  enumerated,  it  will  be  necessary  to  make  experimental  tests 
on  a  piece  of  fabric  dyed  with  coloring  matter  in  question. 

Light  test. — A  sample  is  exposed  to  the  action  of  direct  light  for 
10  days;  it  is  best  to  arrange  the  sample  in  such  a  way  that  one- 
half  is  exposed  while  the  other  half  is  shielded.  The  exposure 
should  be  made  as  much  as  possible  in  direct  sunlight,  but  pro- 
tected from  the  atmosphere  by  glass.  If  an  appreciable  fading 
only  has  taken  place  in  10  days,  the  color  is  moderately  fast;  if 
very  much  faded  it  is  fugitive. 

Washing  test. — This  is  carried  out  by  scouring  a  small  sample  of 
the  dyed  material  in  a  bath  containing  10  to  15  grammes  of  neutral 
soap  per  litre  at  a  temperature  of  120°  to  140°  F.  The  sample 
should  be  immersed  in  the  solution  for  15  minutes,  then  washed 
and  dried.  If  the  color  is  abstracted  from  the  fibre  in  any  appre- 
ciable degree  it  cannot  be  considered  fast  to  washing  or  scouring. 

Fulling  test. — A  sample  of  the  material  is  twisted  together  with 
white  wool  and  cotton,  and  steeped  in  a  soap  bath  similar  to  the 
above,  only  a  small  amount  of  soda  ash  (5  grammes  per  litre)  is 
added.    The  sample  should  be  squeezed  and  twisted  with  the 
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fingers  in  order  to  simulate  the  action  of  fulling.  If  the  color 
bleeds  into  the  white,  the  dye  is  not  fast. 

Acid  test. — For  woolen  materials  a  sample  should  be  soaked  in 
a  10  per  cent,  solution  of  sulphuric  acid  at  140°  F.,  after  which 
it  is  washed  and  dried.  For  cotton  fibres  acetic  acid  at  100°  F. 
should  be  used.  The  acid  test  also  represents  fastness  to  perspira- 
tion. 

Alkali  test. — A  sample  of  the  dyed  material  should  be  steeped  for 
10  minutes  in  a  solution  containing  10  grammes  of  soda  ash  per 
litre  at  120°-140°  F.,  washed  and  dried.  This  test  is  sometimes 
performed  by  sprinkling  the  material  with  milk  of  lime,  allowing  it 
to  dry  in  and  then  brushing  off.  Fastness  to  alkali  represents  re- 
sistance to  action  of  street  dust,  alkaline  country  air,  etc. 

Stoving  test. — A  sample  of  the  dyed  material  is  subjected  to  the 
action  of  sulphurous  acid  fumes  for  several  hours. 

Bleach  test. — A  sample  of  the  dyed  material  is  steeped  for  10 
minutes  in  a  solution  of  bleaching  powder  at  ^°  Tw. 

Ironing  test. — A  sample  of  the  dyed  fabric  should  be  slightly 
moistened,  placed  between  two  pieces  of  muslin,  and  pressed  with 
a  hot  iron. 

Hydrogen  peroxide  test. — Steep  a  sample  of  the  dyed  fabric  for  1 
hour  in  a  cold  solution  of  hydrogen  peroxide  (10  vols.).  This 
represents  the  fastness  of  a  dye  to  out-door  atmc^pheric  exposure. 

Water  test. — This  is  applied  exclusively  to  silk;  a  sample  of  the 
dyed  material  is  twisted  witli  white  silk  and  steeped  for  12  hours 
in  cold  distilled  water. 

Rubbing  test. — A  piece  of  the  dyed  fabric  should  be  vigorously 
rubbed  on  a  white  surface  of  paper  or  cloth. 

Recognition  of  Dyes  on  Fibres. 

The  recognition  of  artificial  coloring  matters  on  fibres  is  tolera- 
bly simple  when  only  one  dye  is  present,  especially  if  no  mordant 
has  been  employed.  But  when  two  or  more  dyes  have  been  used, 
either  in  conjunction  or  succession,  as  is  very  frequently  the  case, 
the  problem  becomes  more  complicated,  and  the  difiiculty  is  fur- 
ther increased  when  the  natural  coloring  matters  and  the  mor- 
dants generally  accompanying  their  use  have  to  be  taken  into 
account. 

In  many  cases,  the  identification  of  a  dye  is  greatly  facilitated 
by  a  knowledge  of  the  mordant  employed.  Where  the  mordant 
is  inorganic,  its  nature  is  best  ascertained  by  examining  the  ash 
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left  on  igniting  the  fibre/  Organic  mordants,  such  as  tannin  and 
albumin,  are  difficult  to  recognize  in  presence  of  coloring  matters, 
and  must  be  sought  for  by  their  special  reactions.  Fibres  dyed 
with  coal-tar  coloring  matters  usually  leave  but  little  ash  on  igni- 
tion, as  they  require  no  mordant  on  silk  or  wool,  and  on  cotton 
are  usually  fixed  by  means  of  tannin.  On  the  other  hand,  aliza- 
rin and  madder  dyes  leave  an  ash  containing  a  notable  quantity  of 
alumina  or  oxide  of  iron;  while  the  ash  of  fibres  dyed  with  cochi- 
neal, brazil-wood,  &c. ,  will  be  found  to  contain  either  alumina  or 
oxide  of  tin.  Logwood-black  is  mordanted  with  chromium  and 
occasionally  copper,  while  iron  is  a  constituent  of  some  blacks  and 
violets,  as  also  of  prussian-blue.  Lead  is  found  in  chrome-yellow, 
and  is  the  base  of  vermilion ette.  Nickel  is  now  employed  for 
mordanting  certain  dyes,  and  antimony  is  also  used. 

The  behavior  of  the  principal  coloring  matters  on  the  fibre  has 
been  to  a  great  extent  described  in  the  special  paragraphs  relating 
to  the  different  dyes.  Detailed  and  tabulated  methods  of  examin- 
ing dyed  fabrics  have  been  published  by  Fol  {Jour.  Chem.  Soc, 
xxviii.  193),  Stein  (Zeits.  Anal.  Chem.,  ix.,  x.),  Joffre 
(Jour,  Soc.  Chem.  Ind.,  i.  447,  496),  and  other  writers.  R.  Mar- 
tin on  (Jour.  Soc.  Dyers,  iii.  124)  has  published  a  scheme  for  the 
detection  of  dyes  on  silJc,  and  G.  Dommerque  (Jour.  Soc.  Chem. 
Ind.,  viii.  216)  ^  similar  method  for  the  recognition  of  dyes  on 
wool.  A  more  general  tabulation  of  reactions  has  been  published 
by  J.  J.  Hummel  (Dyeing  of  Textile  Fabrics),  and  this  has  been 
supplemented  by  R.  Lepetit  (Jour.  Soc.  Dyers,  &c.,  iv.  133). 

Knecht  and  Rawson,  and  Lehne  and  Rusterholz 
have  also  published  very  comprehensive  tables. 

Examination  of  Red-dyed  Fibres.    The  red  dyes  are  very 

'  Inorganic  mordants  may  be  tested  for  in  the  following  manner : 

Chromium  .-—Ash  yellowish-  or  brownish-green  ;  on  fusion  with  potassium 
chlorate  a  yellow  mass  is  obtained,  which  if  dissolved  in  water  and  acetic  acid 
gives  a  yellow  precipitate  with  lead  acetate. 

Iron:— A^h  is  reddish-brown  in  color;  dissolved  in  hydrochloric  acid  it  gives  a 
blue  precipitate  with  potassium  ferro-cyanide. 

Copper  .-—Dissolve  the  ash  in  hydrochloric  acid,  add  slight  excess  of  ammonia, 
and  filter;  a  blue  filtrate  indicates  copper;  potassium  ferrocyanide  gives  a  reddish- 
brown  precipitate. 

Aluminium: — Ash  is  white;  dissolved  in  hydrochloric  acid,  the  addition  of 
ammonia  gives  a  white  precipitate. 

Tm;— Ash  is  white;  may  be  reduced  to  metallic  globules  by  heating  on  char- 
coal. 
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numerous  and  often  difficult  to  identify,  and  hence  the  following 
hints  may  be  found  useful. 

1.  Boiling  alcohol  removes  magenta,  safranine,  corallin,  aurin, 
spirit  eosins,  archil,  santal-  and  bar- wood,  but  does  not  greatly 
affect  tissues  dyed  with  red  and  claret  azo-dyes,  acid  magenta, 
magdala-red,  alizarin  and  madder-dyes,  cochineal,  safflower,  brazil- 
wood, lac-dye,  or  kermes,  and  does  not  extract  soluble  eosins  if 
well  dyed.  Purpurin  is  partially  extracted,  coloring  the  alcohol 
red.  Magenta,  safranine,  and  archil  also  color  the  alcohol  red,  and 
santal-wood  yellowish-red,  but  the  others  form  yellowish,  brown- 
ish, or  nearly  colorless  solutions.  On  evaporating  the  alcoholic 
solution  to  dryness,  and  treating  the  residue  with  strong  sulphuric 
acid,  magenta  yields  a  yellow  or  brown  solution,  but  safranine 
produces  a  fine  green  color,  changing  through  various  tints  by 
gradual  addition  of  water. 

2.  Magenta  may  be  distinguished  from  archil-red  and  aurin  by 
treating  the  fibre  with  amylic  alcohol,  This  is  colored  bluish-red 
by  magenta,  pink  or  violet  by  archil,  and  yellow  by  aurin.  Oh 
shaking  the  colored  amylic  alcohol  with  ammonia,  it  is  decolorized 
if  the  dye  be  magenta,  but  the  color  will  be  unchanged  if  archil, 
and  turned  bluish-red  if  aurin  be  the  coloring  matter  present. 

3.  Ether  removes  corallin,  aurin,  and  eosin  more  or  less  per- 
fectly. Tissues  dyed  with  Turkey-red  acquire  a  dull  cherry-red 
color,  and  the  ether  leaves  a  brilliant  scarlet  ,  fat  on  evaporation. 
This,  when  boiled  with  caustic  soda,  yields  a  purplish-blue 
solution,  from  which  acids  precipitate  orange-colored  flakes  of 
alizarin. 

4.  By  boiling  with  ammonia,  corallin,  aurin,  and  the  eosins  are 
usually  dissolved  from  the  tissue,  the  liquid  being  colored  pink  or 
red.^  On  removing  the  tissue,  and  agitating  the  liquid  with  ether 
and  an  acid,  the  coloring  matters  are  extracted  from  the  aqueous 
liquid,  and  may  be  detected  in  the  ethereal  solution  by  separating 
it,  and  evaporating  to  dryness  or  agitating  with  ammonia. 
Safflower  colors  ammonia  salmon-tint.    On  the  azo-reds  ammonia 

^When  boiled  with  concentrated  solution  of  caustic  potash  (20-40  per  cent. ), 
Eosin  G  gives  an  orange-red  solution,  which  on  continued  boiling  becomes  purple, 
and  finally  blue,  with  a  strong  green  fluorescence.  Neither  the  color  nor  the 
fluorescence  is  changed  by  dilution.  Eosin  B,  when  similarly  treated,  gives  a 
bluish-violet  solution,  with  pale  green  fluorescence.  On  dilution,  the  liquid 
becomes  reddish-purple.  Eosin  BN,  when  boiled  with  potash,  gives  eventually  an 
olive-green  non-fluorescent  solution. 
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usually  has  no  action,  and  the  same  remark  applies  to  alizarin  and 
magdala  red.  Fibres  dyed  by  magenta  and  acid  magenta  are 
decolorized,  and  safranine  gives  a  pink  solution.  The  vegetable 
coloring  matters  usually  behave  as  with  soda. 

5.  On  moistening  the  fibre  with  a  dilute  solution  of  caustic  soda 
(5  to  10  per  cent.),  the  color  due  to  rosaniline  is  very  gradually 
destroyed.  Safranine  remains  unchanged,  but  safflower  is  turned 
pale  yellow,  the  original  tint  being  restored  by  an  acid.  Cochineal 
gives  a  purple  solution.  Aurin,  corallin,  and  eosin  behave  as  with 
ammonia.  From  fibres  dyed  with  brazil-wood  caustic  soda  ex- 
tracts much  of  the  dye,  cotton  being  almost  decolorized,  and  the 
solution  becoming  bluish-red.  Bar-wood  and  santal-w^ood  give 
no  color  to  the  liquid,  but  the  fibre  becomes  purplish.  With 
archil  the  fibre  becomes  bluish-purple,  and  with  magdala-red  a 
dirty  violet. 

6.  On  treating  the  tissue  with  moderately  strong  hydrochloric  acid 
(sp.  gr.  l.ll),  magenta  is  turned  brown  or  yellow,  but  the  color  is 
restored  by  washing  with  water.  Hydrochloric  acid  does  not 
change  the  color  of  fibres  dyed  with  acid  magenta,  but  the  liquid 
acquires  a  faint  bluish-red  color.  Safranine  is  unchanged  by  di- 
lute acid,  but  with  strong  acid  a  blue  color  is  produced,  restored 
to  red  by  washing  with  water.  Turkey-red  is  unchanged.  The 
azo-reds  are  usuall}^  (but  not  invariably)  turned  more  or  less  vio- 
let, a  colored  liquid  being  extracted.  Of  the  azo-dyes  from  benzi- 
dine, &c.,  fibres  dyed  with  congo-red  are  turned  blue-black  by 
iiydrochloric  acid,  and  delta-purpurin,  benzo-purpurin  11  B,  and 
congo-corinth  give  similar  reactions.  With  rhodamine  the  fibre  is 
turned  a  dirty  brick-red,  without  the  liquid  being  colored.  The 
original  hue  is  restored  by  washing.  The  eosins  are  turned  yellow 
or  brownish-yellow.  Tissue  dyed  wdth  brazil-wood  is  turned 
bright  orange  by  dilute  acid,  and  corallin,  aurin  and  cochineal 
yellow.  Ammoniacal  cochineal,  however,  is  unchanged  by  dilute 
acid. 

7.  On  boiling  the  tissue  in  an  aqueous  solution  of  aluminium 
sulphate  the  liquid  will  become  reddish  with  most  dyes,  and  in 
the  case  of  madder-red  or  purpurin  will  show  a  green  fluorescence. 
On  adding  an  equal  measure  of  acid  sodium  sulphite  to  the  red 
liquid,  the  solution  will  be  bleached  if  the  dye  be  magenta,  safra- 
nine, corallin,  safflower,  brazil-wood,  or  santal-wood,  but  not 
bleached  if  the  color  be  due  to  archil,  cochineal,  lac- dye,  or 
kermcs. 
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8.  On  igniting  the  tissue,  the  red  coal-tar  dyes  usually  leave 
very  little  ash,  as  they  require  no  mordant  on  silk  and  wool,  and 
on  cotton  are  usually  fixed  by  means  of  tannin.  On  the  other 
hand,  madder  red  and  pink  leave  an  ash  containing  a  notable 
quantity  of  alumina,  and  the  ash  of  tissues  dyed  with  cochineal 
or  brazil-wood,  or  other  dye-woods,  will  usually  be  found  to  con- 
tain either  alumina  or  oxide  of  tin.  Vermilionette  is  a  lead  com- 
pound of  eosin,  but  its  use  is  chiefly  restricted  to  pigments. 

Recognition  of  the  Constituent  Dyes  of  Compound  Shades. — 
The  following  hints,  chiefly  by  G.  Dommerque  {Jour.  Soc. 
Chem.  Ind.,  viii.  216),  will  be  found  of  service  for  identifying  the 
constituents  of  mixed  dyes  on  wool. 

Garnet  Shades  contain  red  as  the  predominating  constituent. 
Bright  garnets  are  a  mixture  of  yellow  and  red.  In  examining 
them,  moisten  the  fibre  with  hydrochloric  acid.  If  turned  yellow, 
the  yellow  constituent  was  Manchester  yellow  (dinitro-cresol),  this 
being  the  only  yellow  which  is  dyed  in  a  neutral  bath,  and  which 
does  not  precipitate  the  salts  of  rosaniline.  If  on  application  of 
hydrochloric  acid  the  shade  becomes  slightly  bluer,  the  color  is 
probably  produced  from  acid -magenta  and  napthol-yellow  or 
chrysoin;  while  if  it  turn  violet  acid-magenta  and  orange  IV  (or 
an  allied  orange  or  yellow  azo-dye)  are  indicated.  All  bright 
garnet  shades  lose  their  red  color  when  moistened  with  ammonia, 
yellow  remaining.  The  rarely  occurring  shades  produced  with 
bordeaux  and  amaranth  arc  not  altered  by  ammonia,  but  become 
violet-blue  or  blue  when  touched  with  sulphuric  acid. 

Maroons  and  Compound- Red  Shades  are  examined  by  moistening 
the  fibre  with  ammonia.  If  it  become  green,  the  fibre  was  prob- 
ably dyed  with  a  mixture  of  acid-magenta  and  sulphonated  indigo. 
If  turned  yellow,  the  same  portion  of  fibre  should  be  slightly 
washed  and  treated  with  hydrochloric  acid,  when  if  the  yellow 
become  violet,  orange  IV  or  other  azo-orange  or  yellow  is  indi- 
cated; while  if  rendered  slightly  blue,  chrysoin  or  naphthol-yellow 
is  the  probable  yellow  constituent.  If  the  yellow  color  produced 
by  ammonia  remain  unchanged  on  subsequent  treatment  with 
hydrochloric  acid,  the  presence  of  acid-green,  acid-violet,  and  acid- 
magenta  is  probable.  If  orange  IV  be  also  present,  the  fibre 
becomes  reddish-violet  with  hydrochloric  acid.  If  the  color  be 
unaffected,  or  simply  rendered  paler  by  treatment  with  ammonia, 
the  dye  may  be  either: — a  mixture  of  an  azo-red,  indigo  and 
orange  IV,  in  which  case  it  becomes  slightly  violet  with  hydro- 
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chloric  acid  (if  this  acid  produces  no  change,  chrysoin  is  probably 
present);  or  logwood,  becoming  red  with  hydrochloric  acid.  If 
dyed  with  a  mixture  of  logwood  and  orange  IV,  acid  changes  the 
color. to  violet-red  or  garnet. 

Scarlets. — Cochineal-scarlets  are  turned  violet  by  caustic  alkalies, 
and  the  ash  contains  tin;  alkalies  turn  artificial  scarlets  yellow. 

Dai^k  Blues  and  Purples. — Complete  decolorization  on  moisten- 
ing the  fibre  with  ammonia  points  to  a  probable  mixture  of  acid- 
green,  acid-violet,  and  acid-magenta.  If  the  red  be  removed  from 
the  fibre  and  the  blue  left,  the  latter  is  probably  indigo  and  the 
former  acid-magenta.  If  the  shade  become  slightly  pale  the  dye 
is  probably  a  mixture  of  indigo  and  an  azo-red,  in  w^hich  case  the 
shade  will  not  be  appreciably  changed  on  further  testing  the  fibre 
with  hydrochloric  and  sulphuric  acid.  Logwood  will  color  the 
acid  red,  and  the  ash  will  contain  chromium.  In  shades  produced 
by  mixtures  of  logwood,  sulphonated  indigo,  and  acid-magenta  or 
an  azo-red,  the  constituents  are  difficult  to  identify. 

Dark  Greens. — If  only  the  yellow  remain  on  moistening  the  tis- 
sue with  ammonia,  a  mixture  of  acid-green  and  acid-violet  with 
naphthol-yellow  or  picric  acid  may  be  suspected.  Should  the 
shade  if  changed  become  paler,  the  fibre  is  moistened  with  hydro- 
chloric acid,  when  logwood  will  color  the  acid  red.  If  the  fibre 
become  red  or  violet-red,  and  the  ash  contains  chromium,  the  yel- 
low constituent  is  probably  fustic.  If,  on  treatment  with  the  acid, 
the  yellow  disappears  and  the  blue  remains,  a  mixture  of  indigo 
with  picric  acid  or  naphthol-yellow  is  probably  present. 

Olives,  when  moistened  with  ammonia,  turn  yellow  if  dyed  with 
a  mixture  containing  acid-green  and  acid-violet,  and  on  treating 
the  fibre  with  hydrochloric  acid  it  will  become  garnet  if  the  yel- 
low constituent  be  orange  IV,  and  yellow-brown  if  it  be  chrysoin. 
Olives  containing  indigo  become  slightly  bluer  with  ammonia. 

Mode  Colors  are  liable  to  contain  a  great  variety  of  dyes,  perhaps 
the  most  common  being  archil,  archil-substitutes  (azo-reds),  azo- 
oranges,  and  acid-magenta. 

Tables  of  Reactions  of  Dyed  Fibres. 

The  following  tables,  by  B.  Mar  tin  on  (Jour.  Sac.  Dyers,  iii. 
124),  for  the  recognition  of  dyes  on  silk,  are  not  so  complete  as 
some  other  schemes,  but  are  more  systematic,  and  involve  the  use 
of  certain  reagents,  such  as  a  solution  of  bleaching  powder  and  ni- 
trous acid,  which  are  sometimes  neglected.  The  reagents  employed 
are: — 
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Caustic  Soda  Solution. — 1  part  in  10  of  water. 

Hydrochloric  Acid. — Acid  of  1.16  sp.  gr.  diluted  with  an  equal 
\  olume  of  water. 

Calcium  Hypochlorite. — 40  grms.  of  bleaching  powder  dissolved 
in  1  litre  of  water  and  the  liquid  filtered. 

Nitrous  Acid.— 20  grms.  of  sodium  nitrite  and  15  grms.  of  sul- 
phuric acid  (sp.  gr.  1.845)  are  respectively  dissolved  in  1  litre  of 
water.    Equal  volumes  of  these  solutions  are  mixed  when  required. 

Potassium  Cyanide. — 50  grms.  in  1  litre  of  water. 

Nitric  Acid. — Acid  of  1.32  sp.  gr.,  diluted  with  an  equal  volume 
of  water. 

Sodium  Carbonate. — 1  part  of  the  salt  in  10  parts  of  water. 

From  10  to  15  c.c.  of  the  required  reagent  should  be  placed  in  a 
porcelain  dish,  the  silk  to  be  tested  immersed  in  it,  and  the  change 
of  color  observed.  After  two  or  three  minutes,  the  silk  is  taken 
out  and  well  washed.  Another  portion  of  the  silk  should  be  si- 
multaneously placed  in  clear  water,  in  order  that  any  change  in 
color  by  the  action  of  the  reagent  may  be  better  observed.  To  en- 
sure absolute  certainty,  it  is  also  advisable  to  dye  a  piece  of  clean 
silk  with  the  detected  dye,  and  to  repeat  the  experiments  on  this 
from  the  beginning. 

G.  Dommerque  has  published  (Jour.  Soc.  Chem.  Ind.,  viii. 
216)  a  systematic  method  of  recognizing  dyes  on  wool.  In  some 
cases  different  observers  have  given  different  reactions  for  the  same 
dyestuff;  and,  on  the  whole,  the  reactions  for  dyes  on  the  fibres  is 
still  in  rather  an  unsatisfactory  and  uncertain  condition,  leaving 
much  to  be  desired  in  this  direction. 

The  tables  of  Hummel,  Lepetit,  Knecht  and  R a w s o n, 
and  Lehne  already  referred  to,  together  constitute  the  most  com- 
plete description  of  the  reactions  of  dyes  on  fibres  yet  compiled, 
and  as  the  present  section  would  be  imperfect  if  these  reactions 
were  omitted,  they  are  given  in  a  compilation  with  a  few  modifi- 
cations from  the  above  references  in  the  following  pages. 
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The  following  abbreviations  are  employed  for  the  names  of 
firms  identified  with  the  production  of  certain  dyes: — 
B.    Badische  Anilin  und  Sodafabrik. 
M.    Meister,  Lucius,  &  Bruning  (Hochst). 

A.  Actiengesellschaft  fiir  Anilinfabrikation  in  Berlin. 
D.  H.    Durand  &  Huguenin  (Basle). 

B.  S.  S.    Brook,  Simpson,  &  Spiller  (London). 

By.  Farbenfabriken  of  Elberfeld  Co.,  vorms,  F.  Baeyer  &  Co. 

C.  Leopold  Cassella  &  Co.  (Frankfurt). 

D.  Dahl  &  Co. 

K.    Kalle  &  Co.  (Biebrich). 

L.    Farbwerke  Miihlheim  vorms.  Leonhardt  &  Co. 
N.    Noetzel  &  Co.  (Greisheim). 
H.    Read  Holliday  &  Sons  (Huddersfield). 
O.    K.  Oehler  (Offenbach). 
Sch.    SchoellkopfT  Aniline  Co.  (Buffalo). 
L    Soci^te  pour  1' Industrie  Chimique  (Basle). 
Mo.    Gilliard,  Monnet,  &  Cartier  (Lyons). 
P.    Societe  Anonyme  des  Matieres  Colorantes  de  St.  Denis 
(Paris). 
G.    Geigy  &  Co. 

CI.    Clayton  Aniline  Works  (Manchester). 

Various  other  abbreviations  are  employed  with  the  object  of  sav- 
ing space,  but  they  will  probably  be  readily  intelligible  without 
special  description. 

The  reagents  applied  are  concentrated  hydrochloric  acid  (sp.  gr. 
1.11),  concentrated  sulphuric  acid,  caustic  soda  (10  per  cent,  so- 
lution), strong  ammonia,  a  hydrochloric  acid  solution  of  stannous 
chloride,  alcohol,  and  certain  special  reagents.  The  experiments 
are  best  made  by  treating  portions  of  the  fibre  or  fabric  in  small 
porcelain  dishes,  which  can  afterwards  be  inclined  so  as  to  allow 
the  liquid  to  drain  to  the  side  and  permit  the  ready  observation  of 
any  color  it  may  have  acquired.  In  some  cases,  as  when  fluores- 
cence is  to  be  looked  for,  it  is  desirable  to  employ  test-tubes  instead 
of  porcelain  capsules.  Where  nitric  acid  is  employed,  it  should  be 
applied  to  the  fabric  with  a  glass  rod,  when  any  change  in  the 
color  of  the  spot  touched  will  be  readily  seen. 
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Dyestuff. 

Observer. 

Firm. 

Hydrochloric  Acid. 

Sulphuric  Acid. 

Caustic  Soda. 

Fibre. 

Solution. 

Fibre. 

Solution. 

Fibre. 

Solution. 

Magenta. 

H 
H 



B 

Yellow. 

Yellow. 

Brown- 
yellow. 

Yellow. 

Paler. 

Acid  Magenta. 

Paler. 

Pink. 

Paler. 

Pink. 

Decolor. 

Safranine. 

H 

BSS 

Blue. 

Yellow. 

Green. 

Green. 

Pink. 

Magdala  Red. 

H 

No  change. 

No  change. 

No  change. 

Eosin  A. 

H 

B 

Yellow. 

Yellow. 

Yellow. 

Yellow. 

Pink  fluor. 

Methyl  Eosin. 

H 

Yellow. 

Yellow. 

Yellow. 

Pink. 

Pink  fluor. 

Phloxin. 

H 

Yellow. 

Yellow. 

Pink. 

Pink. 

Erythrosin. 

H 

Orange. 

Yellow. 

Orange. 

Pink. 

Pink. 

Rhodamin. 

L 

B 

Red. 

Colorless. 

Red. 

Colorless. 

Bluer. 

Colorless. 

Aurin. 

H 

Yellow. 

Yellow. 

1  eliow. 

Red. 

Crocein  Scar- 
let 7  B. 

H 

By 

Violet. 

Colorless. 

Blue. 

Blue. 

Blue. 

Biebrich  Scar- 
let. 

H 

K 

Violet. 

Colorless. 

Green. 

Green. 

Violet. 

Colorless. 

Patent  Fast 
Red. 

H 
H 

B 
B 

Darker. 

Red. 

Violet. 

Colorless. 

Paler. 

Red. 

Fast  Ponceau 
B. 

Violet. 

Colorless. 

Green. 

Green. 

Violet. 

Colorless. 

Scarlet  2  R. 

H 
H 
H 
L 
L 

L 

M 
M 
M 
By 
BSS 
G 

b7 

Decolor, 
hot. 

Extracted 
hot. 

No  action, 
dilute. 

Extracted 
cone. 

Decolor. 

Scarlet  3  R. 

No  change. 

Red. 

No  action. 

Decolor. 

Red. 

Claret  Red  B. 

No  change. 

Violet. 

Blue. 

Blue. 

Orange. 

Orange. 

Carmoisin. 

Violet. 

Lilac. 

Black. 

Black. 

Brown. 

Piiik. 

Primuline 
Red. 

Brown. 

Brown. 

Black. 

Violet. 

Brown- 
red. 

Polychromine. 

Brown. 

Brown. 

Black. 

Violet. 

Brown- 
red. 

Orseillin  BB. 

Black. 

Blue. 

Blue- 
black. 

I  lue. 

Violet. 

Violet. 

Congo  Red. 

L 

A 

Black. 

Colorless. 

Black. 

Blue. 

No  change. 
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Ammonia. 

Spot  with 
Nitric 
Acid. 

Stannous 
Chloride 
AND  Hydro- 
chloric Acid. 

Alcohol. 

Remarks. 

Fibre. 

Solution. 

Decolor- 
ized. 

Yellow. 

Decolorized. 

Bluish-red. 

Decolorized  by  so- 
dium sulphide. 

Decolor. 

Yellow. 

Little  change. 

Pink. 

Pink. 

Blue. 

Decolorized. 

Red,  fluor. 

No  change. 

Bluer. 

Pink  fluor. 

Yellow. 

Yellow 
fluor. 

Yellow. 

Yellow. 

Sol.  eosins  not 
extracted  ; 
spirit  eosins 
extracted. 

Pink. 

Pink  fluor. 

Yellow. 

Decolorized. 

Pink  fluor. 

Pink. 

Pink. 

Yellow. 

Yellow. 

Pink,  with 
green  fluor- 
escence. 

Color  extracted  by 
ammonium  ace- 
tate. 

Orange. 

Pink. 

Yellow, 
red  rim. 

Orange. 

Bluer. 

Pink. 

Yellow. 

Brighter. 

Fluorescent 
solution. 

Stands  boiling  with 
soap. 

Red. 

Yellow. 

Red. 

Blue. 

Dark  blue. 

Brown. 

No  action. 

The  spot  with  HNO3 
finally  changes  to 
yellow,  with 
green  rim. 

No  action. 

No  action. 

Blue  to 
brown. 

Decolorized. 

No  action. 

HNO3  spot  has  a 
blue  rim. 

No  action. 

No  action. 

Blue  to 
yellow. 

Decolorized. 

No  action. 

No  action. 

No  action. 

Blue  to 
brown. 

Decolorized. 

No  action. 

HNO3  spot  has  a 
black  rim. 

Pa^er. 

Pink. 

Violet  to 
yellow. 

Decolorized. 

No  action. 

No  change. 

No  change. 

Violet  to 
yellow. 

Decolorized. 

No  action. 

No  change. 

No  change. 

Violet  to 
brown. 

Decolorized. 

No  action. 

HNO3  spot  has  a 
blue  rim. 

No  change. 

Pink. 

Violet. 

Decolorized 
on  boiling. 

No  action. 

HNO3  spot  disap- 
pears on  washing. 

No  change. 

No  change. 

Bright  red- 
brown. 

No  action. 

No  change. 

No  change. 

Bright  red- 
brown. 

No  action. 

Violet. 

Violet. 

Violet. 

Decolorized. 

No  action. 

HNO3  spot  disap- 
pears on  washing. 

No  change. 

Black. 

Black,  then 
decolorized. 

No  action. 

HNO3  spot  restored 
to  red  by  NH3. 
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«■ 

w 

Hydrochloric  Acid. 

Sulphuric  Acid. 

Caustic  Soda. 

Dyestuff. 

^ 

O 

1 

Fibre. 

Solution. 

Fibre. 

Solution. 

Fibre. 

Solution, 

Benzopur- 
puriu  B. 

L 

By 

Brown. 

Colorless. 

Black. 

Blue. 

No  change. 

Benzopur- 
purin  10  B. 

L 

By 

Black. 

Colorless. 

Black. 

Blue. 

No  change. 

Deltapur- 
purin  G. 

L 

By 

Black. 

Colorless. 

Black. 

Blue. 

No  change. 

Deltapur- 
purin  5  B. 

L 

B^ 

Brown. 

Blue. 

Blue. 

No  change. 

Brilliant 
Congo. 

L 

By 

Black. 

Colorless. 

Blue. 

Blue. 

No  change. 

Rosazurin  B. 

L 

B^ 

Green. 

Colorless. 

Blue. 

Blue. 

No  change. 

Congo 
Corinth. 

L 

By 

Black. 

Black. 

Blue. 

Redder. 

Colorless. 

Hessian 
Purple  B. 

L 

L 

Gray. 

Colorless. 

Blue. 

Blue. 

No  change. 

Pink. 

Hessian 
Purple  N. 

L 

Black. 

Colorless. 

xiiacK. 

Blue. 

No  change. 

Azarine  S. 

M 

Red. 

Colorless. 

Darker. 

Red. 

Bluer. 

Red. 

Azo-eosin. 

By 

Dark  red- 
violet. 

Lilac. 

Dark  red- 
violet. 

Lilac. 

Orange. 

Alizarin. 

Yellow. 

Yellow. 

Red. 

Violet. 

Violet. 

Alizarin  S. 

Orange. 

Orange. 

Orange. 

Orange. 

Violet. 

Violet. 

Alizarin  Ma- 
roon (with 
chrome). 

B 

Yellow. 

Yellow. 

Brown. 

Brown. 

Violet. 

Violet. 

Purpurin. 

B 

Maroon. 

Red. 

Crimson. 

Crimson. 

Purple. 

Pink. 

Rose  Bengal. 

B 

Decolor. 

Brown. 

Darker. 

Rose  Bengal  B. 

— 

Decolor. 

Scarlet. 

Orange. 

Darker. 

New  Magenta. 

M 

Yellow. 

Yellow. 

Yellow. 

Yellow. 

Decolor. 

Scarlet  R. 

M 

Duller. 

Pink. 

Pink. 

Yellower. 

Brilliant 
l^oiibla  Scar- 
let 3  R. 

By 

Violet. 

Violet. 

Violet. 

Darker. 

Brilliant  Scar- 
let R. 

C 

Darker. 

Pink. 

Crimson. 

Crimson. 

Brown. 
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Ammonia. 

Spot  with 
Nitric 
Acid. 

Stannous 
Chloride 
AND  Hydro- 
chloric Acid. 

Alcohol. 

Remarks. 

Fibre. 

Solution. 

No  change. 

Brown. 

Decolorized. 

Light  red. 

Picric  acid  turns 
the  fibre  brown. 

No  change. 

Yellow. 

Decolorized. 

Light  red. 

Picric   acid  turns 
fibre  dark  brown. 

No  change. 

Yellow. 

Darker,  then 
decolorized. 

Light  red. 

Picric  acid  turns 
fibre  brownish-red. 

No  change. 

Decolor- 
ized. 

Decolorized. 

Light  red. 

No  change. 

Blue. 

Decolorized. 

Light  red. 

Picric  acid  turns 
fibre  brown. 

No  change. 

Brown. 

Decolorized. 

Light  red. 

Redder. 

Pink. 

Brown. 

Decolorized. 

Light  pink. 

Fibre  black  with 
HNO2. 

No  change. 

Pink. 

Yellow. 

Decolorized. 

No  action. 

HNO2— violet. 

No  change. 

Brown. 

Decolorized. 

Bluish-red. 

HNO2— black. 

Bluer, 

Red. 

Orange. 

Yellow. 

Pink. 

Picric  acid— brown. 

11  era 

Brown. 

Decolorized 
on  heating. 

No  action. 

HNO3  spot  disap- 
pears on  washing. 

No  change. 

No  change. 

Yellow. 

Yellow. 

No  action. 

Ba(OH)2-violet. 

Gives  no  fluores.  sol. 
with  Al2(S04)3  on 
boiling  (distinc- 
tion from  madder 
and  purpurin). 

Violet. 

Colorless. 

Yellow. 

Orange,  turn- 
ed violet  by 
NaOH. 

No  action. 

Ash  contains  Al  or 
Cr. 

No  change. 

No  change. 

Brown. 

Red  on  heat- 
ing. 

No  action. 

Ash  contains  Cr. 

No  change. 

Pink. 

Yellow. 

Red,  liquid 
yellow. 

Red. 

Ba(0H)2-red. 
Fluores.   sol.  with 

boiling  solution  of 

A1,(S0^),. 

No  change. 

Pink. 

Yellow. 

Decolorized. 

Pink. 

Darker. 

Pink. 

Yellow. 

Decolorized. 

Bluish-pink. 

Decolor. 

Yellow. 

Decolorized. 

Bluish-red. 

Brighter. 

Yellow. 

Decolorized. 

No  action. 

Pink. 

Yellow. 

Decolorized, 

No  change. 

Pink. 

Yellow. 

Decolorized. 

J 
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Dyestuff. 

Firm. 

Hydrochloric  Acid. 

Sulphuric  Acid. 

Caustic  Soda. 

Fibre. 

Solution. 

Fibre. 

Solution. 

Fibre. 

Solution. 

Brilliant  Scar- 
let. 

C 

By 
C 

Purple. 

Purple. 

Brown, 

T^rn  wn 

^Ji  \J  \  V  xl  ■ 

Bordeaux 
extra. 

Violet. 

Violet. 

Violet. 

M^arooi?. 

Brown. 

Bordeaux  G. 

Violet. 

Blue. 

Blue. 

Blue. 

Purp]  e 

Brilliant 
Croceine. 

Purple. 

Blue. 

Violet. 

Violet. 

Purple. 

Azo-Carmine. 

B 

By 

By 
B 
B 

Darker. 

Red. 

Green. 

Green. 

Maroon. 

Azo-Fuciifeine 
G. 

Brighter. 

Pink. 

Violet. 

Black. 

Violet. 

Violet. 

Azo-Fuchsine 
B. 

Pink. 

Red. 

Red. 

Alizarin  GG 
(Cr  mordant). 

Brown. 

Yellow. 

Crimson. 

Crimson. 

Maroon. 

Alizarin  V  (Cr 
mordant). 

Brown. 

Yellow. 

Crimson. 

Crimson. 

Darker. 

Alizarin  Bor- 
deaux B  (Cr 
mordant). 

By 

By 

By 

Maroon. 

Brown. 

Violet. 

Violet. 

Violet. 

Blue. 

Brilliant 
Congo  R. 

Brown. 

Colorless. 

Blue. 

Blue. 

Yellower. 

Benzo- 
Purpurin  4  B. 

Blue. 

Colorless. 

Blue. 

Blue. 

No  change. 

Brilliant 
Purpurin  R. 

Blue. 

Colorless. 

Blue. 

Blue. 

No  change. 

Crystal  Scarlet. 

C 

By 
By 
B 
B 
M 

Crimson. 

Violet. 

Violet. 

Brown. 

Croceine  Scar- 
let 3  B. 

Blue. 

Blue. 

Blue. 

Blue. 

Purple. 

Croceine  3  BX. 

Crimson. 

Pink. 

Purple. 

Purple. 

Brown. 

Cochineal  Red 
A. 

Darker. 

Crimson. 

Brown. 

Brown. 

Cochineal  Red 
3R. 

Purple. 

Purple. 

Purple. 

Purple. 

Brown. 

Brown. 

Cyanosin. 

Orange. 

Orange. 

No  change. 

Cyclamin. 

Mo 

Flesh. 

Brown. 

Brown. 

Cloth  Red  G. 

0 

Violet. 

Blue. 

Violet. 

Blue. 

Darker. 

Cloth  Red  B. 

By 

Violet. 

Blue. 

Black. 

Crimson. 

Cloth  Red  3  G. 

By 

'ci 

Violet. 

Blue. 

Black. 

Darker. 
Crimson. 

Clayton  Cloth 
Red. 

Crimson. 

Purple. 

Violet. 
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Ammonia, 

Spot  with 
Nitric 
Acid. 

Stannous 
Chloride 
AND  Hydro- 
chloric Acid. 

Alcohol. 

Remarks. 

Fibre. 

Solution. 

Darker. 

Pink. 

Crimson. 

Pink. 

Yellow; 
blue  rim. 

Bluer. 

Light  pink. 

Darker. 

Pink. 

Bluer. 

Blue. 

Decolorized. 

Bluer. 

Pink. 

Crimson. 

Scarlet. 

Red. 

Orange. 

Decolorized. 

Light  red. 

Red. 

Orange. 

Red. 

Decolorized. 

Light  red. 

Maroon. 

Colorless. 

Orange. 

Darker. 

No  action. 

Darker. 

Colorless. 

Orange. 

Brown. 

No  action. 

Violet. 

Red. 

No  action. 

No  change. 

Red. 

Decolorized. 

Light  red. 

No  change. 

Yellow. 

Decolorized. 

Light  red. 

No  change. 

Yellow. 

Decolorized. 

Light  pink. 

Pink. 

Yellow. 

Light  pink. 

Pink. 

Yellow; 
blue  rim. 

Decolorized. 

Browner. 

Yellow. 

Decolorized 
on  boiling. 

Pink. 

Yellow. 

Pink. 

Yellow; 
violet  rim. 

Lighter. 

No  change. 

Yellow. 

Orange. 

Pink  fiuor. 

Pink. 

Yellow. 

Decolorized. 

Darker. 

Red. 

Scarlet. 

Crimson. 

Pink. 

Yellow. 

Bluer. 

Crimson. 

Brighter. 

Yellow; 
purple 
rim. 

Light  red. 

Brighter. 

Pink. 

Darker. 

Light  red. 
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1.  RED  COLONS.— Continued. 


Dyestuff. 

Firm. 

Hydrochloric  Acid. 

Sulphuric  Acid. 

Caustic  Soda. 

Fibre. 

Solution. 

Fibre. 

Solution. 

Fibre. 

Solution. 

Congo  Corinth 
G. 

Blue. 

Colorless. 

Blue. 

Blue. 

Redder. 

Colorless. 

Congo  Corinth 
B. 

Purple. 

Colorless. 

Blue. 

Blue. 

Redder. 

Colorless. 

Croceine  Scar- 
let 3  B. 

Blue. 

Blue. 

Blue. 

Blue. 

Decolor- 
ized. 

Gray. 

Congo  Red  4  R. 

Blue. 

Colorless. 

Blue. 

Blue. 

No  change. 

Diamine  Fast 
Red. 

C 

Violet. 

Colorless. 

Purple. 

Blue. 

Brown. 

Colorless. 

Diamine.  Scar- 
let B. 

C 
C 
C 

Violet. 

Violet. 

Violet. 

Violet. 

Orange. 

Colorless. 

Diamine  Red 
NO. 

Olive. 

Coloi'less. 

Blue. 

Blue. 

No  change. 

Diamine  Red 
3  B. 

Yellow. 

Colorless. 

Blue. 

Blue. 

No  change. 

Erika  B. 

A 

Redder. 

Colorless. 

Purple. 

Violet. 

Bluer. 

Colorless. 

Fast  Red  A. 

B 

Purple. 

Violet. 

Violet. 

Maroon. 

Fast  Red  B. 

B 

Crimson. 

Pink. 

Violet. 

Purple. 

Red. 

Fast  Red  C. 

B 

Darker. 

Pink. 

Violet. 

Violet. 

Fast  Red  D. 

B 

Darker. 

Pink. 

Violet. 

Violet. 

Brown. 

Fast  Red  E. 

B 

By 

Maroon. 

Pink. 

Purple. 

Purple. 

Brown. 

rast  Keel  rsi. 

Darker. 

Violet. 

Violet. 

Red. 

Fluoresceine. 

B 

Yellow. 

Yellow. 

Yellow. 

Yellow. 

Yellow; 
green 
fluor. 

Geranine. 

No  change. 

Crimson. 

Pink. 

Violet. 

Colorless. 

Phloxine  2  B. 

Red. 

Brown. 

Darker. 

Scarlet  6  R. 

M 

Crimson. 

Pink. 

Violet. 

Violet. 

Brown. 

Scarlet  GG. 

M 
A 
C 

Pink. 

Darker. 

Scarlet. 

Orange. 

Scarlet  S  extra. 

Brown. 

Blue. 

Bluer. 

Blue. 

Violet. 

Milling  Red  R. 

Maroon. 

Purple. 

Purple. 

Redder. 

Orchil  Red. 

B 
A 

Violet. 

Blue. 

Blue. 

Maroon. 

Scarlet  2  S. 

Yellow. 

Pink. 

Orange. 

Pink. 

Orange. 

Palatine  Scar- 
let. 

B 
B 

Darker. 

Pink. 

Crimson. 

Magenta. 

Biown. 

Palatine  Red. 

Bluer. 

Blue. 

Blue.        1  Brown. 

Brown. 

Roxamine. 

D 

Bluer. 

Violet. 

Violet.      1  Purple. 

Safrosine. 

Lev 

Decolor. 

Yellow. 

Yellow.     1  Darker. 

RED  COLORS. 
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Ammonia. 

Spot  with 
Nitric 
Acid. 

Stannous 
Chloride 

AND  HyDKO- 

CHLOEic  Acid. 

Alcohol. 

Remarks. 

Fibre,     j  Solution. 

Brighter. 

Hnk. 

Brown. 

Decolorized. 

Light  red. 

Redder. 

Pink. 

Brown.      |  Decolorized. 

Purple. 

Lighter. 

Scarlet. 

Blue     to  Decolorized, 
yellow.  1 

Scarlet. 

No  change.  1  Pink. 

Orange. 

Decolorized. 

Light  orange. 

No  change. 

Brown. 

Decolorized. 

Light  pink. 

Orange, 

Crimson. 

Decolorized. 

Pink. 

No  change. 

Pink. 

Brown. 

Decolorized. 

ijignt  red. 

No  change. 

Pink. 

Brown. 

Decolorized. 

Orange-red. 

No  change.  Pink. 

Red. 

Decolorized. 

Light  pink. 

Darker.     |       .  . 

Yellow. 

Lighter. 

Pink. 

•  •    1    ■  ■ 

Yellow. 

Lighter. 

Pink. 

Brighter.  Pink. 

Yellow.  Lighter. 

Pink. 

Darker.     |  Brown. 

Yellow.     1  Lighter. 

Pink. 

Darker.     j  Red. 

Yellow.     i  Brighter. 

Pink. 

Darker.     1       .  . 

Yellow.  Lighter. 

Red. 

Yellow, 
green 
fluor. 

Yellow. 

Green  fluores. 

Violet. 

Violet. 

No  change. 

Decolorized. 

Pink. 

Darker. 

Pink. 

Yellow. 

Decolorized. 

Pink. 

Yellow. 

Pink. 

Bluer. 

Pink. 

Yellow. 

Crimson. 

No  change. 

Orange. 

Crimson. 

Orange. 

Pink. 

Yellower. 

Yellow. 

Lighter. 

Yellow. 

Redder. 

.  .       1       .  . 

Decolorized. 

Purple. 

Yellow. 

Light  red. 

HNO3— blue  rim. 

Darker. 

Pink.        j  Yellow. 

Decolorized. 

Pink. 
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I.  RED  COLONS.— Continued. 


Dyestuff. 

« 

P 
P 
M 

Hydrochloric  Acid. 

Sulphuric  Acid. 

Caustic  Soda. 

Fibre. 

Solution. 

Fibre. 

Solution, 

Fibre. 

Solution. 

Orchil  Sub- 
stitute V. 

Crimson. 

Crimson. 

Crimson. 

Crimson. 

Maroon. 

Orchil  Sub- 
stitute 3  VN. 

Crimson. 

Crimson. 

Crimson. 

Crimson. 

Maroon. 

Fast  Violet  B. 
(ViolaminB.) 

Violet. 

Scarlet. 

±tea. 

Violet. 

Fast  Violet  R. 
(ViolaminR.) 

M 

Bluer. 

Pink. 

TJ  ,,,1 

xteci. 

Red. 

*  * 

Orchil  Red  G. 

A 

Crimson. 

Pink. 

Purple. 

Pxirple. 

Darker. 

Naphthyleue 
Red. 

P 

Green. 

Colorless. 

Blue. 

Blue. 

No  change. 

St.  Denis  Red. 

Bluer. 

Colorless. 

Crimson. 

Crimson. 

Orange. 

Orange. 

Poppy  2  R. 
Xylindine  Red. 

M 

Red. 

Red. 

Decolor- 
ized. 

xvcu.. 

Poppy  3  R. 
Cumidine  Red. 

M 
Sch 

Red. 

Red. 

Darker. 

Red. 

Brown. 

Brown. 

Wool  Scarlet  R. 

Darker. 

Rose. 

Darker. 

Red. 

Orange. 

Red. 

Pyrotin  R  PO. 

D 

M 



C 

L 

Violet. 

Colorless. 

Violet. 

Violet 

Brown. 

Brown. 

Ponceau  6  R. 

Violet. 

Violet. 

Magenta. 

Brown. 

Brown. 

Toluylene  Red. 
Neutral  Red. 

Blue. 

Blue. 

Green. 

Green. 

Olive. 

. 

Pyronine  B. 

Orange. 

Orange. 

Orange. 

Orange. 

Orange. 

Colorless. 

Stilbene  Red. 

A 

Black. 

Colorless. 

Violet. 

Colorless. 

Pink. 

AlJiaJi  Ked. 

D 

Blue. 

Colorless. 

Blue. 

Blue. 

Pink. 

Chromotrop 
2  R. 

M 

No  change,  j  Pink. 

Dark  red. 

Dark  red. 

Redder. 

Pink. 

Titan  Scarlet. 

H 

BSS 

BSS 
BSS 

BSS 

BSS 

Dark  red. 

Dark  red. 

Magenta. 

Magenta. 

Dark  red. 

Red. 

Atlas  Red. 

No  action. 

Colorless. 

Crimson. 

Crimson. 

No  action. 

Dianthine. 

Darker. 

Crimson. 

Crimson. 

Orange. 

Ingrain  Ma- 
roon. 

No  change. 

Maroon. 

Maroon. 

No  change. 

Acid  Miying 
Scarlet. 

Brownish. 

Colorless. 

Maroon. 

Maroon. 

Darker. 

Rock  Scarlet 
SY. 

Brownish. 

Colorless. 

Maroon. 

Maroon. 

No  change. 

RED  COLORS. 


539 


I  EED  COLOB.S.— Continued. 


Ammonia. 

Spot  with 
Nitric 
Acid. 

Stannous 
Chloride 
AND  Hydro- 
chloric Acid. 

Alcohol. 

Remarks. 

Fibre. 

Solution. 

Maroon. 

Yellow. 

Lighter. 

Maroon. 

Yellow. 

Lighter. 

Pink. 

Redder. 

Pink. 

Scarlet. 

Violet. 

Pink. 

Scarlet. 

Bright. 

Red. 

Yellow. 

Light  red. 

No  change. 

Green. 

Decolorized. 

Light  pink. 

Orange.     \  Orange.     |  No  change. 

Decolorized. 

Red. 

Brighter. 

Yellow. 

Decolorized. 

No  action. 

No  change. 

No  change. 

Yellow. 

Decolorized. 

Light  pink. 

Orange. 

Red. 

Darker. 

Orange. 

Blue. 

Decolorized. 

Color  extracted  with 
hot  NH4C2H3O2 
solution. 

Violet 

Scarlet. 

Decolorized. 

Color  extracted  with 
hot  NH4C2H3O2 
solution. 

Orange.     j  Orange. 

1 

Blue. 

Decolorized. 

Red. 

Color  extracted  by 
hot  NH4C2H3O2 
solution. 

Brighter. 

Yellow. 

Scarlet. 

Decolorized. 

Red ;  green 
fluor. 

Color  extracted  by 
hot  NH4C2H3O2 
solution, 

Pink. 

Violet. 

Decolorized. 

No  action. 

Orange. 

Olive. 

Decolorized. 

No  action. 

Lighter. 

Pink. 

Yellow. 

Decolorized. 

No  action. 

Boiled  with  alum- 
violet. 

Orange. 

Orange. 

Decolorized. 

Scarlet. 

No  change. 

Brown. 

Brown. 

Yellow. 

Light  brown. 

On  reduction  it 
gives  primuline. 

Paler. 

Orange. 

Darker. 

Decolorized. 

Light  pink. 



Pink. 

Maroon. 

Yellow. 

No  action. 

On  reduction  it 
gives  primuline. 

Paler. 

Orange. 

Yellow.     1  Pink. 

Light  pink. 

No  change. 

Yellow.     1  Decolorized. 

1 

1 

Light  pink. 

Resists  boiling  soap 
solution. 
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I.  EED  COLOl^S.— Concluded. 


Dyestuff. 

Firm. 

Hydrochloric  Acid. 

Sulphuric  Acid. 

Caustic  Soda. 

Fibre. 

Solution. 

Fibre. 

Solution. 

Fibre. 

Solution. 

Rock  Scarlet 
BS. 

BSS 

Browner. 

Colorless. 

Maroon. 

Maroon. 

No  change. 

Clayton  Cloth 
Scarlet. 

CI 

Darker. 

Magenta. 

Magenta. 

Ruby. 

Maroon. 

Reddish. 

Cochineal 
Scarlet  G. 

Sch 
Sch 

Brownish. 

Bluer. 

Orange 

Orange. 

Cochineal 
Scarlet  R. 

Brownish. 

Purple. 

Colorless. 

Orange. 

Orange. 

Cochineal 
Scarlet  2  R. 

Sch 

Brownish. 

Purple. 

Colorless. 

Orange. 

Orange. 

vv  001  bcariet 
G. 

iSCll 

Sch 

No  change. 

No  change. 

Orange. 

Orange. 

Wool  Scarlet 
R. 

No  change. 

No  change. 

Orange. 

Orange. 

Wool  Scarlet 
2  R, 

Sch 

No  change. 

No  change. 

Orange. 

Orange. 

Buffalo 
Rubine. 

Sch 
Sch 

Violet. 

Blue. 

Violet. 

Ruby. 

Ruby. 

i^oiion  bcariei 
3B. 

Violet. 

Violet. . 

Colorless. 

Violet. 

Violet. 

liriiiiant  kcq. 

Sch 

Violet. 

Violet. 

Colorless. 

Brownish. 

Brown. 

Madder. 

Brown- 
red. 

Brown- 
red. 

Red. 

Purple. 

Purple. 

Orchil. 

No  change. 

Red. 

Purple. 

Purple. 

Purple. 

Brazil  wood. 

Dark  red. 

Pink. 

Brown. 

Yellow. 

Maroon. 

Violet. 

Barwood. 

Redder. 

Red- 
brown. 

Dirty 
brown. 

Purple. 

Colorless. 

Sanderswood. 

Browner. 

Red- 
brown. 

Red- 
brown. 

Purple. 

Colorless. 

Salflower. 

Decolor- 
ized. 

Decolor- 
ized. 

Pale 
yellow. 

Cochineal. 

Orange. 

Orange. 

Pink. 

Pink. 

Purple. 

Ammoniacal 
Cochineal. 

Orange. 

Orange. 

Yellow- 
brown. 

Bluer. 

RED  COLORS.  541 
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Ammonia. 

Spot  with 
Nitric 
Acid. 

Stannous 
Chloride 
AND  Hydro- 
chloric Acid. 

Alcohol. 

Remarks. 

Fibre. 

Solution. 

No  change. 

Pink. 

Yellow. 

Decolorized. 

No  action. 

Resists  hoiling  soap 
solution. 

Pink. 

\  ellow. 

Decolorized. 

No  action. 

Yellower. 

Orange. 

Yellow. 

Decolorized. 

Scarlet. 

Yellow. 

Orange. 

Yellow. 

Decolorized. 

Scarlet. 

Yellow. 

Yellow. 

Yellow. 

Decolorized. 

Scarlet. 

Yellower. 

Yellow. 

I  cllOW. 

Decolorized. 

No  action. 

Yellower. 

Yellow. 

X  eiiow. 

Decolorized. 

No  action. 

Yellower. 

Yellow. 

Yellow. 

Decolorized. 

No  action. 

Dull  red. 

Red. 

Yellow. 

Decolorized. 

No  action. 

Violet. 

Orange. 

Decolorized. 

No  action. 

No  change. 

Orange. 

Decolorized. 

xteci. 

Brown- 
red. 

Yellow. 

Terra-cotta. 

No  action. 

.  .  . 

Purple. 

Decolorized. 

Purple. 

Ash  contains  AI. 

Violet. 

Violet. 

Yellow. 

Violet. 

Pale  yellow. 

Purple. 

Colorless. 

Olive. 

No  change. 

Red. 

Purple. 

Colorless. 

Olive. 

No  change. 

Red. 

FeSOi— violet. 

Pink. 

Yellow. 

No  action 

On  cotton  fibre. 

Purple. 

Yellow. 

Orange. 

No  action. 

Sn  mordant. 

Violet. 

Ash  contains  Al. 
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II.  VIOLET  COLORS. 


Dyestuff. 

Firm. 

Hydrochloric  Acid. 

Sulphuric  Acid. 

Caustic  Soda, 

Fibre. 

Solution. 

Fibre. 

Solution, 

Fibre, 

Solution. 

Gallein. 

B 

Brown- 
red. 

Amber- 
yellow. 

Like  HCl, 

Like  HCl, 

Paler, 

Fast  Violet. 

By 

Dark  hlue. 

Blue. 

Black. 

Blue. 

Black, 

Violet, 

Azo- Violet. 

Black. 

Colorless. 

Black. 

Green. 

Crimson. 

Colorless. 

Hessian 
Violet. 

Dark  bine. 

Colorless. 

Dark  blue. 

Black. 

Redder. 

Colorless, 

Heliotrope. 

Black. 

Blue. 

Blue- 
black. 

Blue, 

Crimson, 

Colorless. 

Methyl  Violet, 

Brown. 

Amber. 

Brown. 

Amber, 

Decolor, 

Phenyl  Violet 
or  Spirit  Vio- 
let. 

Dark 
green. 

Brown. 

Brown. 

Brown. 

Decolor, 

Benzyl  Violet. 

Brown. 

Amber. 

Brown. 

Amber, 

Decolor, 

Acid  Violet  7  B. 

By 

Green. 

Amber. 

Blackish. 

Red, 

Decolor, 

Colorless, 

Perkin's 
Violet. 

No  chans'e. 

Pink. 

No  change. 

Blue, 

Gallocyanin. 

DH 

Violet. 

Violet. 

Black. 

Blue, 

Black. 

Violet, 

Muscarin. 

DH 

Black. 

Blue. 

Black, 

Black. 

Colorless, 

Alizarin. 

Yellow. 

Yellow. 

Yellow, 

"Vpl  low 

Bluer. 

Acid  Violet  BB. 

B 
By 

Yellow. 

Yellow, 

Yellow, 

Decolor. 

Acid  Violet  6  B. 

Orange. 

Yellow. 

Orange, 

Yellow. 

Decolor. 

Acid  Violet 
4BN. 

B 

B 

B 
M 

Yellow. 

Yellow. 

Yellow, 

Decolor. 

Acid  Violet 
4RS. 

Decolor- 
ized. 

Yellow. 

Yellow. 

Decolor, 

Alkali  Violet. 

Orange. 

Yellow. 

Orange, 

Yellow, 

Decolor, 

Azarin. 

l^lIlIIfeUIl. 

Azo-Mauve  N. 

By 

Blue. 

Blue. 

Redder. 

Fast  Acid  Vio- 
let 10  B. 

Green. 

Green, 

Formyl  Violet 
4BS. 

c 

Bj^ 

Yellow. 

Yellow. 

Yellow, 

Yellow, 

Decolor. 

Chrome 
Violet. 

Crimson. 

Pink. 

Yellow. 

Yellow, 

Lighter. 

Crystal  Violet 
6B. 

B 

A 

B 
A 

Orange. 

Yellow. 

Orange. 

Yellow. 

Lighter. 

Colorless. 

Methyl  Violet 
6B. 

Orange. 

Yellow. 

Orange. 

Yellow, 

Lighter. 

Colorless. 

Ethyl  Purple. 

Orange. 

Yellow. 

Orange. 

Yellow, 

Bluer. 

Regina  Violet. 

Gray. 

Brown, 

Brown. 

Brown, 

Decolor. 

VIOLET  COLORS.  543 
II.  VIOLET  COLORS. 


Ammonia. 

Spot  with 
Nitric 
Acid. 

Stannous 
Chloride 
AND  Hydro- 
chloric Acid. 

Alcohol. 

Remarks. 

Fibre. 

Solution. 

Paler. 

Yellow. 

Crimson. 

No  action. 

Ash  contains  Cr. 

No  change. 

Violet. 

Black. 

Decolorized. 

Violet. 

Violet. 

Magenta. 

Red. 

Decolorized. 

No  action. 

Picric  acid— black. 

Redder. 

Violet. 

Blue  rim. 

Blue  then  de- 
colorized. 

No  action. 

No  change. 

Decolorized. 

No  action. 

Picric    acid— dark 
brown. 

Lilac. 

Green. 

Violet. 

Decolor- 
ized. 

Green. 

Decolorized 
slowly. 

Violet. 

Lavender. 

Green. 

Violet. 

Decolor. 

Colorless. 

Olive, 

Green. 

Light  violet. 

No  change. 

Brown. 

Violet. 

Slack. 

Violet 

Gray. 

No  action. 

Violet. 

Black. 

Gray. 

No  action. 

No  change. 

Yellow. 

No  action. 

Decolor. 

Yellow. 

Bluer. 

Light  violet. 

Lighter. 

Yellow. 

Green. 

Light  violet. 

Decolor. 

Yellow. 

Green. 

Violet. 

Decolor. 

Yellow. 

No  change. 

Red-violet, 

Decolor. 

Yellow. 

Green. 

No  action. 

Brown. 

Brighter. 

Purple. 

Redder. 

Decolorized. 

Violet. 

Blue. 

Green. 

Blue. 

Lighter. 

Yellow. 

Green. 

Light  violet. 

Lighter. 

Yellow; 
red  rim. 

Light  violet. 

Lighter. 

Colorless. 

Yellow. 

Green. 

Violet. 

Lighter. 

Colorless. 

Yellow. 

Blue. 

Violet. 

Bluer. 

Yellow. 

Green. 

Violet. 

Decolor. 

Yellow. 

Bluer. 

Violet. 

J 
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II.  VIOLET  COLONS.— Continued. 


Dyestuff. 

s 

Hydrochloric  Acid. 

Sulphuric  Acid. 

Caustic  Soda. 

Fibre. 

Solution. 

Fibre. 

Solution. 

Fibre. 

Solution. 

Heliotrope  2  B. 

Bluer, 

Colorless. 

Violet. 

Violet. 

Crimson. 

Pink. 

Diamine 
Violet  N. 

c 

Blue. 

Colorless. 

Blue. 

Blue. 

Redder. 

Colorless. 

Congo  Violet. 

A 
K 

Bluer. 

Bluer. 

Violet. 

Red. 

Colorless. 

Naphthyl 
Violet. 

Redder. 

Green. 

Gray, 

Congo  Corinth 
B. 

By 

Blue. 

Colorless. 

Blue. 

Colorless. 

1 

Red. 

Colorless, 

Red  Violet  4 
KS. 

B 

Redder. 

Violet. 

Dark  red. 

Decolor- 
ized, 

Colorless. 

Fast  Bluish 
Violet. 

Blue. 

Colorless. 

Green. 

Green. 

Bluer. 

Violet. 

Victoria  Violet. 

M 
BSS 

BSS 

Redder. 

Rose. 

Bluer. 

Violet. 

Red. 

Colorless. 

Hofmann's 
Violets. 

Yellow. 

Colorless. 

Yellow. 

Decolor- 
ized, 

Regina  Purple. 

Brown. 

Colorless. 

Brown. 

Colorless. 

Decolor, 

III.  BLUE  COLOES. 

Resorcin  Blue. 

No  change. 

Bine,  red 
fluor. 

Benzo  Azurin 
G. 

By 

Black. 

Colorless. 

Black. 

Blue. 

Dark  red. 

Pink. 

Azo  Blue. 

By 

Black. 

Colorless. 

Black. 

Blue. 

Red, 

Pink. 

Soluble  Blue. 

BSS 

Blue. 

Red 
brown. 

Red 
brown. 

Red 
brown. 

Spirit  Blue. 

P 

Green. 

Brown. 

Red 
brown. 

Red 
brown. 

Brick  red. 

Alkali  Blue 
3B. 

B 
B 

Blue. 

Colorless. 

Red 
brown. 

Red  • 

brown. 

Decolor- 
ized, 

Victoria  Blue. 

Black. 

Red. 

Black.      1  Orange. 

Brown. 

Colorless. 

Indulines. 

DH 

Violet. 

Blue. 

Dark  blue. 

Violet  de- 
color, by 
Zn  dust. 

Basle  Blue. 

Gray. 

Yellow. 

Yellow. 

Yellow. 

Darker. 

Indophenol 
Blue. 

Brown. 

Brown. 

No  change. 

Vat  Indigo 
Blue. 

No  change. 

Blue. 

No  change. 

Indigo  Car- 
mine. 

No  change. 

Bluish. 

Violet. 

Greenish. 

Brown. 

BLUE  COLORS. 


545 


II.  VIOLET  COLONS.— Continued. 


Ammonia. 

Spot  with 
Nitric 
Acid. 

Stannous 
Chloride 
AND  Hydro- 
chloric Acid. 

Alcohol. 

Remarks. 

Fibre. 

Solution. 

No  change. 

Orange. 

Decolorized, 

No  action. 

Redder. 

Colorless. 

Brown. 

Decolorized. 

No  action. 

Paler. 

Red. 

Brown. 

Decolorized. 

No  action. 

No  change. 

Red. 

Redder. 

No  action. 

Red. 

Rose. 

Blue. 

Decolorized. 

Rose. 

Decolor- 
ized. 

Colorless. 

Dark  red. 

No  change. 

No  action. 

Paler. 

Violet. 

Scarlet. 

Decolorized, 

No  action. 

Red. 

Colorless. 

Orange. 

Decolorized. 

No  action. 

Paler. 

Yellow, 

Yellow. 

Violet. 

Decolor. 

Colorless. 

Yellow. 

Brown. 

Violet. 

III.  BLUE  COLORS. 

Blue,  red 
fluor. 

Dark 
violet. 

Red. 

Decolorized 
slowly. 

No  action, . 

Boiling  soap  solu- 
tion— blue. 

Dark 
violet. 

Red. 

Decolorized. 

No  action. 

Picric  acid— brown. 

Decolor- 
ized. 

Green. 

Color  extract. 

No  action. 

Decolor- 
ized. 

No  change. 

Blue. 

HNO2— black  spot. 

Decolor- 
ized. 

No  change. 

Blue. 

HNO2— light  green. 

Green. 

Colorless. 

Brown, 

Dark  blue. 

Blue. 

As  NaOH. 

Dark 
green. 

Violet  solu- 
tion. 

Blue-violet. 

Induline   NN  not 
changed  by  CaO- 
CI2. 

No  change. 

Black. 

No  change. 

Light  blue. 

No  change. 

Decolorized, 

Blue. 

Boiled  with  olive  oil 
—color  extracted. 

No  change. 

Yellow. 

Paler ;  solu- 
tion yellow. 

Blue, 

Chloroform  ex- 
tracts color. 

As  NaOH. 

As  NaOH. 

Yellow. 

Decolorized. 

No  action. 

Boiling  dil.  Na^COg 
—color  extracted. 

35 


546  DYES  AND  COLORING  MATTERS. 

III.  BLUE  COWBS.— Continued. 


Dyestuff. 

Hydrochloric  Acid. 

Sulphuric  Acid. 

Caustic  Soda. 

Fibre. 

Solution. 

Fibre. 

Solution. 

Fibre. 

Solution. 

Logwood  Blue. 

Red. 

Red. 

As  HCl. 

As  HCI. 

Purple. 

Purple. 

Prussian  Blue. 

No  action. 

No  action. 

Brown. 

Ultramarine 
Blue. 

Decolor- 
ized. 

Decolor- 
ized. 

No  action. 

New  Blue. 

C 

Purple. 

Gray. 

Gray. 

Violet. 

Pink. 

Naphthalene 
Blue  G. 

By 

Violet. 

Orange. 

Black. 

Brown. 

Brown. 

Orange. 

Nile  Blue. 

B 

Yellow. 

Yellow. 

Red. 

Red. 

Red. 

Pink. 

Alizarin  Blue. 

B 

Violet. 

Orange. 

Violet 
with  di- 
lution. 

Red  with 
dilution. 

Greenish. 

Methylene 
Blue. 

B 

Decolor- 
ized. 

Blue- 
green. 

Green, 

Green. 

Violet. 

Alizarin 
Cyanin  R. 

By 

Redder. 

Blue. 

Violet. 

Violet. 

Greener. 

Alizarin 
Indigo  Blue. 

T) 
X> 

Pink. 

Darker. 

Violet. 

(^rppn  PT 

r^rkl  r^yl  pcc 

'Pnlnirli  np 

Blue. 

M 

No  change. 

Blue. 

Olive. 

Greenish. 

Crimson. 

Thiocarmin  R. 

C 
C 



Green. 

Darker. 

4B. 

Redder. 

Light 
green. 

Red. 

Red. 

Brown. 

Cyanin  B. 

M 

Yellow. 

Yellow. 

Olive. 

oy 

Crimson. 

Pink. 

Crimson. 

Maroon. 

Patent  Blue. 

M 

Amber. 

Yellow. 

Yellow. 

Green. 

Blue. 

Pure  Soluble 
Blue. 

C 
C 

Brighter. 

Light 
blue. 

Red. 

Red. 

Red. 

Neutral  Blue. 

Orange. 

Yellow. 

Orange. 

Yellow. 

Lighter. 

Victoria 
Blue  B. 

B 

Red. 

Red. 

Red. 

Red. 

Maroon. 

Colorless. 

Indazine. 

C 

c 

M 

Darker. 

Blue. 

Dark 
green. 

Redder. 

Metaphenyl- 
ene  Blue. 

Blue. 

Gray. 

Duller. 

Indamine 
Blue  B. 

Darker. 

Blue. 

Darker. 

Blue. 

Purple. 

Indoin  Blue. 

B 

Green. 

Slate. 

Olive. 

Olive. 

Violet. 

Pink. 

Paraph  en  yl- 
ene  Blue. 

D 

Darker. 

Blue. 

Darker. 

Blue. 

Purple. 

j 
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III.  BLUE  COLOnS.-Continued. 


Ammonia. 

Spot  with 
Nitric 
Acid. 

Stannous 
Chloride 
AND  Hydro- 
chloric Acid. 

Alcohol. 

Remarks. 

Fibre. 

Solution. 

Purple. 

^  

Purple. 

Brown. 

No  action. 

No  action. 

Green. 

No  action. 

No  action. 

Ash  contains  Fe. 

No  action. 

Decolorized. 

No  action. 

Blue  ash. 

Violet. 

Pink. 

Green,  then 
decolorized. 

Light  blue. 

Violet. 

Brown. 

Decolorized. 

Light  violet. 

HCl  gas— brown. 

Violet. 

Green,  yel- 
low rim. 

Decolorized. 

Pale  blue. 

No  action. 

Yellow, 
turning 
brown. 

Violet,  red  on 
heating. 

No  action. 

Ash  contains  Cr. 

No  action. 

Green. 

Decolorized. 

Greenish-blue. 

CaOCla— decolor- 
ized. 

Green. 

Redder. 

Light  violet. 

Yellow 
violet 
rim. 

Olive. 

Decolorized. 

Blue 

Darker, 

Green. 

Greener. 

Bluish-green. 

Decolor- 

Blue. 

Green. 

Blue. 

Bright. 

Pale  blue. 

Yellow. 

Green-blue. 

Yellow. 

Blue. 

No  change. 

Colorless. 

Yellow. 

Yellow. 

No  action 

Decolor- 
ized. 

Green. 

No  change. 

Blue. 

Lavender. 

Green. 

Green. 

Violet. 

Violet. 

Colorless. 

Green. 

Darker. 

Blue. 

Maroon. 

Violet. 

Green. 

Green. 

Blue. 

Green. 

Greener. 

Blue. 

Violet. 

Yellow. 

Lighter. 
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III.  BLUE  COLONS.— Contmued. 


Dyestuff, 

Firm.  I 

Hydrochloric  Acid. 

Sulphuric  Acid. 

Caustic  Soda. 

Fibre. 

Solution. 

Fibre. 

Solution. 

Fibre. 

Solution. 

Benzo  Black 
Blue. 

rjy 

Greener. 

Colorless. 

Green. 

Blue. 

Darker. 

Colorless. 

Night  Blue. 

■D 
X> 

Red. 

Red. 

Red. 

Red. 

Brown. 

Naphthylene 
Blue  R. 

Dark 
blue. 

Dark 
blue. 

Brown. 

Diamine  Blue 
BX. 

C 

c 

Violet. 

Colorless. 

Green 
blue. 

Blue. 

Violet. 

Colorless. 

Diamine  Blue 
3R. 

Darker. 

Colorless. 

Green 
blue. 

Blue. 

Magenta. 

Pink. 

Benzo  Azurin. 

No  change. 

Green 
blue. 

Blue. 

Crimson. 

Pink. 

xjriiJianT- 
Azurin  5  G. 

No  change. 

Blue 
green. 

Light 
green. 

Violet. 

Colorless. 

T^oTTzr^     A '7111*111 

3G. 

Darker. 

Colorless. 

Green 
blue. 

Blue. 

Violet. 

Pink. 

Diamine  Blue 
6G. 

c 

No  change. 

Olive 
gray. 

Redder. 

Colorless. 

Benzo  Black 
Blue  G. 

No  change. 

Green. 

No  change. 

Sulphon 
Azurin. 

Violet. 

Colorless. 

Violet. 

Violet. 

No  change. 

Bavarian  Blue 
DSF. 

A 

A. 

Bluish. 

Red. 

Red. 

Red. 

Colorless. 

Wool  Blue  S. 

B 

Yellow. 

Colorless. 

Orange. 

Orange. 

Decolor. 

Naphtliyl 
Blue. 

Jv 

T 

Redder. 

Green. 

Green 
blue. 

Colorless. 

Capri  Blue  NO. 

Violet. 

Violet. 

Dark 
green. 

Green. 

Green. 

Colorless. 

Gallamine 
Blue. 

G 

Violet. 

Violet. 

Darker. 

Azophenine 
Blue  R  and  G. 

N 

Blue. 

Dark 
blue. 

Violet. 

Heligoland 
Blue  3  B. 

N 

Redder. 

Green 
blue. 

Violet. 

Violet. 

Keton  Blue  B. 

M 
C 

YelloAV. 

Yellow. 

Green. 

Diamine  Sky 
Blue  FF. 

Darker. 

Green. 

Green. 

Redder. 

Violet. 

Diamine  New 
Blue  G. 

c 

Violet. 

Green. 

Darker. 

Diamine  Bril- 
liant Blue  G. 

c 

Darker. 

Green. 

Violet. 

Violet. 

Erilliant 
Azurine  B. 

By 

No  change. 

Green. 

Magenta. 

I 


BLUE  COLORS. 


549 


III.  BLUE  COLOBS.— Continued. 


Ammonia. 

Spot  with 
Nitric 
Acid. 

Stannoits 
Chloride 
AND  Hydro- 
chloric Acid. 

Alcohol. 

Remarks. 

Fibre. 

Solution. 

No  change. 

Red. 

Decolorized. 

No  action. 

Gray. 

Red. 

Greener. 

Blue. 

Brown. 

Violet. 

Colorless. 

Brown. 

Pale  violet. 

On  cotton. 

Violet. 

Pink, 

Yellow. 

Decolorized. 

Violet 

On  cotton. 

Violet. 

Pink, 

Brown. 

Decolorized. 

Violet. 

On  cotton. 

Violet. 

Colorless. 

Crimson. 

Decolorized. 

Pale  blue. 

On  cotton. 

Violet. 

Pink. 

Orange. 

Decolorized. 

Violet. 

On  cotton. 

No  change. 

Yellow. 

Violet. 

Pale  blue. 

On  cotton. 

No  change. 

Red. 

Decolorized. 

Pale  blue. 

On  cotton. 

No  change.'       .  . 

1 

Yellow. 

Decolorized. 

Blue. 

On  cotton. 

Decolor- 
ized. 

Colorless. 

Green. 

Decolorized. 

No  action. 

Decolor. 

Yellow. 

Decolorized. 

No  action. 

Green 
blue. 

Colorless. 

Violet. 

No  action. 

No  action. 

No  action. 

Green. 

Decolorized. 

Pale  blue. 

Violet. 

Orange. 

Yellow. 

No  action. 

Redder, 

Violet. 

Lighter. 

Violet. 

Orange. 

Decolorized. 

On  cotton. 

No  change. 

Yellow. 

Green. 

Darker, 

Blue. 

Red 
violet. 

Decolorized. 

On  cotton. 

No  change.'       .  . 

Violet, 

Decolorized. 

On  cotton. 

Violet. 

Violet.      j  Decolorized. 

On  cotton. 

Violet, 

Red. 

Decolorized. 

On  cotton. 
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III.  BLUE  COLONS.— Concluded. 


Dyestuff. 

Firm. 

Hydrochloric  Acid. 

Sulphuric  Acid. 

Caustic  Soda. 

Fibre. 

Solution. 

Fibre. 

Solution. 

Fibre. 

Solution. 

Acid  Alizarin 
Blue  BB. 

M 

No  change. 

Violet. 

Bluer. 

Diaminogene 
Extra. 

C 

No  change. 

Dull  blue. 

No  change. 

Alizadine 
Blue. 

H 

Blue. 

xsiue. 

ulue. 

Violet. 

Diamine  Dark 
Blue  B. 

C 

Darker. 

Violet. 

Violet, 

Diaminogene 
Blue  G. 

c 

Greener. 

Violet, 

Redder, 

Keton  Blue  4 
BN. 

M 

I  el  low. 

Olive 

Diamine  Azo 
Blue  R. 

C 

No  change. 

Blue, 

Violet. 

Red. 

Brilliant  Aliz- 
arin Cyanine 
3G. 

By 

Drab. 

Brown. 

VjT  J.  CCU-Ci.  * 

Blue, 

Titan  Ingrain 
Blue, 

H 
H 

No  change. 

Pale 
green. 

Green 
blue. 

V  luiei. 

Pink. 

Titan  Como 
SN. 

No  change. 

Port 

xteu.. 

Violet. 

Anthracene 
±jiue  bVVJL. 

Violet, 

liiue. 

Deeper, 

Coomassie 
Navy  Blue  R. 

Lev 

No  change. 

Green. 

Violet, 

Paramine 
Navy  Blue 
2  R. 

Redder. 

Blue. 

Violet. 

Paramine 
Blue  B. 

C 

Redder. 

Indigo 
blue. 

Violet. 

Lanacyl  Blue 
BB. 

Maroon. 

Green. 

Red. 

Lanacyl  Navy 
Blue  B. 

C 

No  change. 

Bluish 
green. 

Violet. 
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III.  BLUE  COLOnS.— Concluded. 


Ammonia. 

Spot  with 
Nitric 
Acid. 

Stannous 
Chloride 
AND  Hydro- 
chloric Acid. 

Alcohol. 

Remarks. 

Fibre. 

Solution. 

Bluer. 

Violet. 

Brown. 

Violet. 

On  cotton,  diaz. 
and  developed. 

Violet. 

Dark  green. 

Crimson. 

Decolorized. 

Red. 

Decolorized. 

Diaz,  and  devel- 
oped with  beta- 
iiaphthol. 

Yellow. 

Green. 

Crimson. 

Violet. 

Diaz,    and  devel- 

Drab. 

Yellow. 

Crimson. 

Gray. 

Diaz.  and  devel- 
oped. 

Green. 

No  change. 

Brown. 

Violet. 

Crimson. 

Decolorized. 

Crimson. 

Decolorized. 

Crimson. 

Decolorized. 

Crimson. 

Decolorized. 

Crimson. 

Pale  green. 
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IV.  GKEEN  COLOES. 


Dyestuff. 

Hydrochloric  Acid. 

Sulphuric  Acid. 

Caustic  Soda, 

Fibre. 

Solution. 

Fibre. 

Solution. 

Fibre. 

Solution. 

Ccerulein. 

B 

Duller. 

Claret. 

Duller. 

Amber. 

No  action. 

Resorcin 
Green. 

DH 

Yellow, 

Red, 

Brown. 

Brown. 

Darker, 

Greenish. 

Acid  Green. 

Pale  green. 

Brown. 

Yellow. 

Decolor. 

Alkali  Green. 

Olive. 

Brown. 

Dk,  brown. 

Dk.  brown. 

Decolor. 

Methyl  Green. 

B 

Yellow. 

Yellow. 

Bleached. 

Colorless. 

Decolor- 
ized. 

Malachite 
Green. 



Orange. 

Orange. 

Bleached. 

Orange. 

Decolor- 
ized. 

Helvetia 
Green. 

Yellow. 

Decolor- 
ized. 

Buflf. 

Aldehyde 
Green. 

Yellow. 

Orange. 

Paler. 

*  ■ 

Vat  Indig'O  and 
Old  Fustic. 

Paler. 

Blue. 

Paler. 

Blue. 

Green- 
blue, 

Yellow. 

Vat  Indigo  and 
Lead  Chrom- 
ate. 

Blue. 

Yellow. 

Yellow- 
green. 

Blue, 

Yellow. 

Indigo  Car- 
mine and 
Picric  Acid. 

Blue,  then 
much 
paler. 

Blue. 

As  HCl. 

Blue. 

Decolor- 
ized, 

Yellow. 

Chrome  Green. 

No  action. 

No  action. 

No  action. 

Azine  Green. 

L 

Violet. 

Blown. 

Darker. 

Azo  Green.  ' 

By 

Brown. 

Yellow. 

Brown. 

Yellow. 

Yellower, 

Brilliant 
Green. 

C 

\  ellow. 

Yellow. 

Red. 

Red. 

Decolor- 
ized. 

Diamond 
Green. 

By 

Bluer. 

Yellow, 

Bluer. 

Blue. 

Dioxin. 

L 

Dk.  brown. 

Brown. 

Dk.  green. 

Black. 

Dk.  brown. 

Red. 

sw. 

T> 
X> 

Redder. 

Pink. 

Blue. 

Blue. 

Greener. 

Fast  Green. 

B 

Amber. 

Yellow. 

Greener. 

Guinea  Green. 

A 

Yellowish. 

Brown. 

Decolor. 

Gamhin. 

in. 

Olive. 

Yellow. 

Olive. 

Brown. 

No  action. 

Indoine  Blue 
2  B. 

B 

Green. 

Yellow. 

Dark 
green. 

Green. 

Light  Green  SF, 

B 

Orange. 

Yellow. 

Orange. 

Yellow. 

Decolor. 

Light  Green  S. 

B 

Brown. 

Brown. 

Red -brown. 

Yellow. 

Decolor. 

Naphthol 
Green. 

C 

Yellow. 

Yellow, 

Olive. 

Drab. 

Brighter. 

Olive. 

Victoria  Green. 

Orange. 

Yellow. 

Yellow, 

Decolor. 
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IV.  GREEN  COLORS. 


Ammonia. 

Spot  with 
Nitric 
Acid. 

Chloride 

AiNjj  1 1  1  unyj 

•CHLORIC  Acid. 

Alcohol. 

Remarks. 

Fibre. 

Solution. 

No  action. 

Brown. 

Red. 

No  action. 

No  action. 

• 

Brown. 

Paler. 

No  action. 

Ash  contains  Fe. 

Decolor. 

Decolorized. 

Green. 

Decolor. 

No  change. 

Green. 

Decolor- 
ized. 

Decolorized. 

Blue-green. 

Heated  to  100°— vio- 
let (distinction  from 
Malachite  Green). 

Decolor- 
ized. 

Decolorized. 

Green. 

Buff. 

Decolorized. 

Bluish-green. 

Paler. 

Brown. 

Decolorized. 

Green. 

Blue. 

Greenish. 

Paler. 

See  Indigo. 

Boiling  solution 
Al2(S04)3— yellow 
with  green  fluor. 

No  action. 

Blue,  then  de- 
colorized. 

See  Indigo. 

Ash  contains  Pband 
Cr. 

Decolor- 
ized. 

Yellow. 

Decolorized. 

Cold  water  extracts 
picric  acid. 

No  action. 

No  action. 

No  action. 

CaOClg — yellow  sol. 

Brown. 

Brighter. 

Green. 

Decolor. 

Yellow. 

Yellower. 

Bluish-green. 

Decolo'"- 
ized. 

Orange. 

Yellower. 

Green. 

•  • 

Red. 

Brighter. 

Ash  contains  Cr. 

Dk.  brown. 

Brown. 

Green-yellow. 

A.sh  contains  Fe. 

Greener. 

Brown. 

Gray. 

No  action. 

Ash  contains  Cr. 

Yellow. 

Lighter. 

Pale  green. 

Decolor. 

Orange. 

No  action. 

Red. 

No  change. 

Pale  yellow. 

Ash  contains  Fe. 

Lighter. 

Yellowish. 

Blue. 

Decolor. 

Yellow. 

Brighter. 

Pale  green. 

Decolor. 

Orange. 

No  action. 

Orange. 

Decolorized. 

Pale  blue. 

Decolor. 

Red 

No  change. 

Green. 
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V.  YELLOW  COLOKS. 


Dyestuff. 

Firm. 

Hydrochloric  Acid. 

Sulphuric  Acid. 

Caustic  Soda. 

Fibre. 

Solution. 

Fibre. 

Solution. 

Fibre. 

Solution. 

Picric  Acid. 

Decolor, 

I  ciiOW. 

Decolor. 

Orange. 

1  cilOVV. 

Victoria 
Yellow. 

Decolor- 
ized. 

Naphthol 
Yellow.  ■ 

ized. 

ized. 

Orange. 

1  Clio  W. 

Naphthol 
Yellow  S. 

Decolor- 

Colorless. 

Decok)r- 

Paler. 

Yellow. 

Aurantia. 

Paler 

Drab. 

No  action. 

Quinoline 
Yellow. 

B 
BSS 

Yellow. 

Colorless. 

Yellow. 

Colorless. 

Decolor- 
ized. 

Chrysoidine 
Yellow. 

Red. 

Yellow. 

Paler. 

Fast  Yellow. 

B 

Red. 

Brown. 

No  action. 

Orange  ll. 

P 

Violet. 

Violet. 

Violet. 

Violet 

Deep  red. 

Orange  III. 

By 
P 

xteo.. 

Pink. 

Violet. 

Violet 

\  ellowish. 

Orange  IV. 

Violet. 

Violet. 

Violet. 

Violet. 

No  action. 

Citronin. 

By 

Violet. 

Violet. 

Violet. 

Violet. 

Green- 
yellow. 

Colorless. 

Crocein 
Orange. 

Brown. 

Pink. 

Darker. 

Orange. 

Brown. 

Chrysamine. 

By 

Brown. 

Pink. 

Magenta. 

Violet. 

Dark 
orange. 

Colorless. 

Hessian 
Yellow. 

M 

Black. 

Violet. 

Dark 
violet. 

Violet. 

Dark  red. 

Pink. 

Brilliant 
Yellow. 

M 
By 

Dark 
violet. 

Black. 

Violet. 

Red. 

Pink. 

Chrysophe- 
nine. 

Black. 

Colorless. 

Brown. 

No  change. 

Yellowish. 

Primuline 
Yellow. 

BSS 

No  action. 

Paler. 

Brighter. 

Colorless. 



Toluylene 
Orange. 

0 

V  lOicL. 

Reddish. 

A/Til  crpn  i"'^ 

Brighter. 

Toluylene 
Orange  R. 

0 

Paler. 

Yellow. 

Yellowish. 

Yellow. 

Redder. 

Colorless. 

Primuline 
Orange. 

BSS 

Brown. 

Brown. 

Brown. 

Dark  red. 

Dark 
brown. 

Oriol. 

G 

Red. 

Red. 

Red. 

Red. 

Redder. 

Colorless. 

Auramine. 

B 

Decolor. 

Colorless. 

Decolor. 

Colorless. 

Decolor. 

Colorless. 

Curcumin  W. 

A 

Black. 

Black. 

Violet. 

Red. 

Pink. 

Phosphine. 

Decolor- 
ized. 

Yellow. 

Green- 
yellow. 

Paler. 
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V.  YELLOW  COLORS. 


Ammonia. 

Spot  with 
Nitric 
Acid. 

Stannous 
Chloride 
AND  Hydro- 
chloric Acid. 

Alcohol. 

Remarks. 

Fibre. 

Solution. 

Paler. 

Yellow. 

Decolorized. 

Yellow. 

KCN-red. 

change. 

Warm    water  ex- 
tract:^ the  color. 

Paler. 

Yellow, 

Decolorized. 

Yellow. 

KCN-red. 

Stains  paper  at  1 20°. 

No  change. 

Yellow. 

Bleached. 

No  action. 

No  action. 

Brown. 

Yellow. 

No  action. 

Deep 
yellow. 

No  change. 

No  action. 

Yellower. 

Decolorized. 

Yellow. 

No  action. 

Red. 

Decolorized. 

Pale  yellow. 

No  action. 

Decolorized. 

No  action. 

No  change. 

Yellow. 

Decolorized. 

Pale  yellow. 

No  change. 

Yellow. 

Decolorized. 

Yellow. 

No  change. 

Colorless. 

Violet. 

Decolorized. 

Pale  yellow. 

No  action. 

Black. 

Decolorized 
on  boiling. 

Pale  orange. 

CaOClg— decolor- 
ized. 

Bright 
orange. 

Colorless. 

Gray. 

Decolorized. 

No  action. 

Dark 
orange. 

Orange. 

Brown. 

Decolorized. 

No  action. 

Red. 

Pink. 

Decolorized. 

No  action. 

No  action. 

Violet. 

Decolorized. 

No  action. 

No  action. 

Slight  action. 

No  action. 

No  action. 

Gray. 

Decolorized. 

No  action. 

No  action. 

Violet. 

Decolorized. 

No  action. 

No  action. 

Brown. 

Decolorized. 

Pale  orange. 

Orange. 

Orange- 
red. 

Decolorized. 

No  action. 

Very  fast  to  light. 

Paler. 

Colorless. 

White. 

Decolorized. 

No  action. 

Red. 

Pink. 

Decolorized. 

No  action. 

Paler. 

Decolorized. 

Pale  yellow. 
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V.  YELLOW  COLOUS.— Continued. 


Dyestuff. 

Hydrochloric  Acid. 

Sulphuric  Acid, 

Caustic  Soda, 

Fibre. 

Solution. 

Fibre, 

Solution. 

Fibre, 

Solution, 

Tartrazin. 

B 

Orange. 

Yellow. 

Orange, 

Yellow. 

Orange. 

Yellow. 

Nitro  Alizarin, 

Straw 
yellow. 

Yellow. 

Brownish. 

Yellow, 

Claret. 

Colorless, 

Galloflavine. 

B 

Darker. 

Yellow, 

Darker, 

Yellow, 

Darker. 

Yellow. 

Madder. 

No  action. 

Red. 

Red. 

Purple. 

Purple, 

Quercitron 
Bark. 

No  change. 

Yellow. 

Yellow. 

Yellow, 

No  change. 

Yellow, 

Flavin. 

Yellow. 

Yellow. 

Yellow. 

Yellow. 

Yellow. 

Yellow, 

Old  Fustic. 

Orange. 

Orange, 

Brown, 

Brown. 

No  change. 

Young  Fustic. 

No  change. 

Yellow. 

Brown. 

Brown. 

Brown. 

Weld. 

No  change. 

Yellow. 

Bright 
yellow. 

No  change. 

Yellow. 

Persian 
Berries. 

No  change. 

Yellow. 

Brown. 

Yellow, 

No  change. 

Yellow. 

Annatto. 

No  change. 

Red. 

Blue, 

Blue. 

No  action. 

Turmeric. 

Brown. 

Colorless. 

Brown. 

Brown. 

Brown, 

Brown, 

Trnn  "RnfF 

Decolor. 

No  action. 

No  action. 

Chrome 

i  Clio  W  . 

— 

Decolor- 
ized. 

Yellow. 

Duller. 

Redder, 

Yellow. 

Azo  Flavin. 

B 

Violet. 

Crimson. 

Violet. 

Greener. 

Uranin  G. 

B 

Brighter. 

Yellow. 

Yellow, 

Orange. 

YelloWy 

Alizarin  Yel- 

B 

No  change. 

Dull 
yellow. 

Pale 
yellow. 

Darker. 

Anthracene 
Yellow. 

C 

Dark 
purple. 

Maroon. 

Maroon, 

Darker. 

Diamond  Yel- 

By 

Orange, 

Yellow, 

Red. 

Darker, 

Flavazol. 

A 

Crimson. 

Yellow. 

Scarlet. 

Orange, 

No  change. 

Patent  Fustin. 

Bright  red. 

Yellow. 

Bright  red. 

Red, 

Brown. 

Brown, 

Thioflavine  T. 

C 

Decolor- 
ized. 

Brown. 

Decolor- 
ized. 

Milling 
Yellow  0. 

C 

Crimson. 

Crimson. 

Crimson. 

Red. 

Yellow  N. 

P 

Violet. 

Violet. 

Dull  green. 

Violet. 

Tropajolin  00. 

c 

Violet. 

Violet, 

Violet, 

Violet. 

Brighter, 

Metanil 
Yellow. 

0 

Purple. 

Purple. 

Dark 
purple. 

Brighter. 

Orange  G. 

H 

Scarlet. 

Pink. 

Crimson, 

Red. 

Terra- 
cotta. 
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V.  YELLOW  COLOnS,— Continued. 


Ammonia, 

Spot  with 
Nitric 
Acid. 

Stannous 
Chloride 

AND  HYD1!0- 

CHLORic  Acid. 

Alcohol. 

Remarks. 

Fibre. 

Solution. 

Orange. 

Yellow,     1  No  action. 

Decolorized. 

No  action. 

No  action. 

Yellow, 

Deep  yellow. 

No  action. 

Ash  contains  Cr. 

Darker. 

Colorless. 

No  action. 

Fe  2  Clg — olive-green . 

Brown. 

No  change. 

No  action. 

FegCle— olive-brown. 

No  change. 

Yellow. 

Blue. 

No  change. 

No  action. 

FegCle— olive. 

No  change. 

Yellow. 

Dark 
brown. 

Brown-yellow. 

No  action. 

FegClg— olive. 

No  change. 

Yellow. 

Pale 
yellow. 

Orange. 

No  action. 

FegCle— olive. 

Brown, 

Dark 
brown. 

No  action. 

No  action. 

FegCls— olive. 

No  action. 

No  action. 

No  change. 

No  action. 

 :  

FcaCls — olive. 

Pale 
yellow. 

Brown. 

Brown. 

No  action. 

FeaCle— olive. 

No  action. 

Decolorized. 

Yellow. 

K3Fe(CN)6-blue. 

Brown. 

C)vfi  n  p*p 

Yellow. 

Brown. 

Yellow. 

Ash  contains  Al. 

No  action. 

.  .       1  Decolorized. 

No  action. 

HgS — black. 

No  action. 

Decolorized. 

No  action. 

HjS-black. 

No  change. 

Red.         j  Lighter. 

No  action. 

Redder. 

Yellow. 

No  change.  No  change. 

Yellow. 

Darker. 

Greenish. 

Ash  contains  Cr. 

Darker, 

Orange. 

Ash  contains  Cr. 

Darker. 

Orange.     j  Brown. 

1 

Ash  contains  Cr. 

No  change. 

Scarlet.     |  Scarlet. 

Brown. 

Brown. 

Red. 

Terra-cotta. 

Lighter. 

Brighter. 

Greenish- 
yellow. 

Brighter. 

Red. 

Decolorized. 

Pale  yellow. 

.  .  . 

Brighter. 

Yellow. 

Pale  yellow. 



Brighter. 

Red. 

Darker. 

Amber. 

No  change. 

Red. 

Brown. 

Pale  yellow. 

No  change. 

Yellow. 

Decolorized. 
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V.  YELLOW  COLOBS.— Concluded. 


Dyestuff. 

1  FlEM. 

Hydrochlobic  Acid. 

Sulphuric  Acid. 

Caustic  Soda. 

Fibre. 

Solution. 

Fibre. 

Solution. 

Fibre. 

Solution. 

Orange  GT. 

By 

Red. 

Pink. 

Crimson. 

Crimson. 

Darker. 

Orange  R, 

B 
By 

Scarlet. 

Pink. 

Crimson. 

Red. 

Terra- 
cotta. 

Alizarin 
Orange  W. 

Lighter. 

Yellow. 

Darker. 

Brown. 

Redder. 

Alizarin 
Orange  S. 

Yellow. 

Yellow. 

Darker. 

Brown. 

Redder, 

Benzoflavine. 

Orange. 

Lighter. 

Lighter. 

Benzo  Orange 
R. 

Blue. 

Colorless. 

Blue. 

Blue. 

Crimson. 

Colorless, 

Cloth  Orange. 

Violet. 

Violet. 

Violet. 

Darker. 

Chrysamin  R. 

Violet. 

Violet. 

Pink. 

Carbazol 
Yellow. 

CI 

Slate. 

Colorless. 

Blue. 

Blue. 

Orange. 

Pink. 

Clayton 
Yellow. 

Orange. 

Colorless. 

Brownish. 

Scarlet. 

Colorless. 

Cotton  Yellow 
G. 

Crimson. 

Colorless. 

Red. 

Red, 

Orange. 

Orange. 

Curcumin  S. 

Duller. 

Brown. 

Redder. 

Cresotin 

xeiJOW  (jr. 

Violet. 

Colorless. 

Violet. 

Violet. 

Red. 

Pink. 

Congo  Orange. 



Violet. 

Blue. 

Blue. 

No  change. 

Thioflavine  T. 

Decolor- 
ized. 

Olive- 
green. 

Darker. 

Thioflavine  S. 

Lighter. 

Yellow. 

Red. 

Colorless. 

No  change. 

Thiazol 
Yellow. 

Orange. 

Brown. 

Colorless. 

Scarlet. 

Colorless. 

Mimosa. 

Orange. 

Dark 
yellow. 

Red. 

Diamine 
Yellow  N. 



Violet, 

Violet. 

Violet. 

Orange. 

Pink. 

Mikado 
Orange  4  R. 

Olive. 

Blue. 

No  change. 

Mikado 
Orange  R. 

0 

Olive. 

Gray. 

No  change. 

Nitrazine 
Yellow. 

Yellow. 

Yellow. 

Yellow. 

Poppy  2  G. 

A 

Red. 

Red. 

Deep  red. 

Scarlet. 

Red. 

Acridine 
Orange. 

L 
CI 

Red. 

Red. 

Decolor- 
ized. 

Colorless. 

Bright 
yellow. 

Yellow. 

Oxyphenine. 

No  change. 

Yellow. 

Red. 

Brown. 

No  action. 

Aurotine. 

CI 

Decolor. 

Colorless. 

Brown. 

Colorless. 

Redder. 

Yellow. 
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V.  YELLOW  COLOBS.— Concluded. 


Ammonia. 

Spot  with 
Nitric 
Acid. 

Stannous 
Chloride 
AND  Hydro- 
chloric Acid, 

Alcohol, 

Remarks. 

Fibre. 

Solution. 

Yellow. 

Redder. 

Yellow. 

No  change. 

No  action. 

Ash  contains  Cr. 

Redder. 

Yellow. 

No  action. 

Ash  contains  Cr. 

Lighter. 

Decolorized. 

Green-yellow. 

On  cotton. 

Scarlet. 

Colorless. 

Brown. 

Decolorized. 

Pale  orange. 

On  cotton. 

Darker. 

Pink. 

Red. 

Yellow. 

Orange. 

Decolorized. 

Yellow. 

On  cotton. 

Redder. 

Colorless. 

Crimson, 

Decolorized. 

No  action. 

On  cotton. 

Orange. 

Colorless. 

Decolor. 

Orange. 

Yellow. 

On  cotton. 

No  change. 

Crimson. 

Decolorized. 

Yellow. 

On  cotton. 

Redder. 

Decolorized. 

No  action. 

On  cotton. 

Orange. 

Colorless. 

Violet. 

Decolorized. 

Yellow, 

On  cotton. 

No  change. 

Crimson. 

Decolorized. 

Orange, 

On  cotton. 

Lighter. 

Decolorized. 

Yellow. 

On  cotton. 

No  change. 

Brown, 

Orange. 

Yellow, 

On  cotton. 

Orange. 

Colorless. 

Lighter. 

Orange. 

No  action. 

On  cotton. 

Orange. 

Decolorized. 

Yellow. 

On  cotton. 

Orange. 

Colorless. 

Violet. 

Decolorized. 

Yellow. 

On  cotton. 

No  change. 

Slate. 

Decolorized. 

No  action. 

On  cotton. 

No  change. 

Olive. 

Decolorized. 

No  action. 

On  cotton. 

Yellow. 

Decolorized, 

No  action. 

Red. 

Red. 

Decolorized, 

Yellow. 

Brighter. 

Purple, 

Yellow. 

No  action. 

No  change. 

Decolorized. 

No  action. 

On  cotton. 

Yellow. 

Lighter, 

Decolorized. 

No  action. 

560  DYES  AND  COLORING  MATTERS. 


VI.  BEOWN  COLORS. 


Dyestuff. 

Firm. 

Hydrochloric  Acid. 

Sulphuric  Acid. 

Caustic  Soda. 

Fibre. 

Solution. 

Fibre, 

Solution. 

Fibre, 

Solution, 

Catechu 
Brown. 

No  change. 

Orange. 

No  change. 

No  change,'       .  . 

Bismark 
Brown. 

Reddish. 

Red. 

Reddish, 

Red. 

Yellower,  ^  Colorless. 

Phenyl  Brown. 

Paler. 

Brown. 

Paler, 

Purple. 

Benzo  Brown. 

By 

Darker, 

Purple. 

xJiacK. 

Brown. 

No  action,  i       ,  . 

Fast  Brown 
RG. 

A 

Violet. 

Violet. 

Violet. 

Violet, 

Crimson, 

Red. 

Naphthyla- 
mine  Brown. 



Yellow. 

1 
1 

Alizarin 
Brown. 

Orange. 

Orange. 

Bluer, 

Bluish. 

Anthracene 
Brown. 

B 

Yellower. 

Yellow. 

Redder. 

Brown. 

Black, 

Gray. 

Peachwood. 

Orange. 

Orange. 

Orange. 

Yellow, 

Purple,  Red, 

Camwood. 

Red. 

Orange. 

Red. 

Orange. 

Purple.  Purple. 

Manganese 
Brown. 

Decolor- 
ized. 

No  action. 

No  action. 

Fast  Brown. 

By 

Maroon. 

Pink.        1  Violet. 

Violet. 

Scarlet, 

Fast  Brown. 

M 

Crimson. 

Pink.        1  Bluer. 

Blue. 

Darker, 

Fast  Brown 

6  U. 

A 

Violet. 

Violet. 

Blue, 

Purple. 

Crimson, 

Acid  Brown  R. 

A 

Violet. 

Violet. 

Violet. 

Violet. 

Scarlet, 

Acid  Brown  G. 

A 

Darker. 

Yellow. 

Purple. 

Purple. 

Darker, 

Benzo  Brown 
B. 

Darker. 

Brown. 

Purple. 

No  change. 

Benzo  Brown 
G. 

Dark 
brown. 

Light 
brown. 

Darker. 

Gray. 

No  change. 

Cloth  Brown. 

By 

Violet. 

Violet. 

Violet. 

Darker. 

Congo  Brown 
R. 

Violet. 

Violet, 

Crimson. 

Cotton  Brown 
R. 

No  change. 

Orange. 

Crimson, 

Crimson. 

No  change. 

Congo  Brown 
V. 

Violet. 

Colorless. 

Violet, 

Violet. 

Crimson, 

Pink. 

Congo  Brown 
NBR. 

Violet. 

Colorless. 

Blue. 

Blue. 

Redder, 

Colorless. 

Cotton  Brown 
A. 

Darker. 

Colorless. 

Dark 
green. 

No  change. 

Cotton  Brown 
N. 

Darker. 

Brown. 

Black. 

Gray. 

No  change. 
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VI.  BROWN  COLOES. 


Ammonia. 

Spot  with 
Nitric 
Acid. 

Stannous 
Chloride 
AND  Hydro- 
chloric Acid. 

Alcohol. 

Remarks. 

Fibre. 

Solution. 

No  change. 

Paler. 

No  action. 

Ash  contains  Cr. 

No  change. 

Brown. 

Decolorized. 

Pink. 

Boiling  water  ex- 
tracts color. 

Paler. 

Red 
brown. 

Pink. 

Dark  brown. 

No  action. 

Yellower.       |  Pale  brown. 

Crimson. 

Red. 

Black. 

Decolorized. 

No  action. 

Yellow. 

Purple. 

Pink. 

No  change. 

Orange. 

No  action. 



Gray. 

Colorless. 

Black. 

Yellow. 

Pale  brown. 

Purple. 

Colorless. 

Red. 

Purple. 

Colorless. 

Red. 

On  wool  only. 

No  action. 

Decolorized. 

No  action. 

Ash  contains  Mn. 

Yellower, 

Brown. 

Yellow. 

Lighter. 

Darker. 

Yellow.     1         •  • 

Red. 

Crimson. 

Pink. 

Orange. 

Bluer. 

Scarlet. 

Pink. 

Yellow.     1  Decolorized. 

Pale  yellow. 

Brighter. 

Brown. 

Yellow.     1  No  change. 

Brown.  ' 

No  change. 

Brown. 

Darker. 

Lighter. 

Pale  brown. 

On  cotton. 

No  change. 

Orange. 

Darker. 

Lighter. 

Pale  brown. 

On  cotton. 

Darker. 

Red. 

No  change. 

Lighter. 

Decolorized. 

Pale  brown. 

On  cotton. 

No  change. 

Brown. 

Lighter. 

Orange. 

On  cotton. 

Scarlet. 

Pink. 

Red. 

Decolorized. 

Brown. 

On  cotton. 

Redder. 

Pink. 

No  change. 

Lighter. 

Brown. 

On  cotton. 

No  change. 

No  change. 

Decolorized. 

Brown. 

On  cotton. 

No  change. 

Orange. 

Darker. 

Lighter. 

Brown. 

On  cotton. 
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VI.  BROWN  COLORS.— Concluded. 


Dyestuff. 

Firm. 

Hydrochloric  Acid. 

Sulphuric  Acid. 

Caustic  Soda. 

Fibre. 

Solution. 

Fibre. 

Solution. 

Fibre. 

Solution. 

Congo  Brown 
G. 

Violet. 

Colorless. 

Violet. 

Violet. 

Crimson. 

Crimson, 

Dioxin. 

L 

Darker, 

Brown. 

Green. 

Green. 

Dark 
green. 

Diamine 
Brown  V. 

No  change. 

Purple. 

Purple. 

No  change. 

Pink. 

Gambin. 

H 

No  change. 

Brown. 

Brown. 

Yellower. 

Yellow, 

Hessian 
Brown  2  B. 

Drab. 

Violet. 

No  change. 

Mikado 
Brown  G. 

Buff. 

Colorless. 

Violet. 

Violet. 

No  change. 

Toluylene 
Brown. 

Darker. 

Pink. 

Violet. 

Violet. 

No  change. 

VII.  BLACK  COLORS. 

Tannin  Black. 

Straw. 

Straw. 

Gray. 

Naphthol 
Black. 

M 

Reddish. 

Olive 
green. 

Reddish, 

Brilliant 
Black. 

B 

Violet. 

Greener, 

Violet, 

Resorcin 
Black. 

DH 

Gray. 

Brown. 

Brown. 

Brown. 

Green, 

Wool  Black. 

A 

Black. 

Blue.- 

Black. 

Blue. 

No  action. 

Aniline 
Black. 

No  action. 

No  action. 

No  action. 

Alizarin 
Black. 

B 

Orange. 

Orange. 

No  action. 

Alizarin 
Black. 

Black. 

Violet. 

Black. 

Blue. 

Black. 

Blue. 

Woaded 
Black. 

Blue. 

Violet. 

Blue. 

Violet. 

Blue. 

Violet. 

Logwood 
Black. 

Brown. 

Red. 

Brown. 

Red. 

Purple. 

Naphthol 
Black  B. 

C 

No  change. 

Green. 

Blue. 

No  change. 

Naphthol 
Black  3  B. 

C 

Green. 

Blue. 

Naphthol 
Black  6  B. 

C 
C 

Redder. 

Colorless. 

Greener. 

Greenish. 

Naphthyl- 
amine  Black 
D. 

No  change. 

Green. 

Violet. 

Bluer. 

Blue. 
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VI.  BROWN  COLOnS.— Concluded. 


Ammonia. 

Spot  with 
Nitric 
Acid. 

Stannous 
Chloride 
AND  Hydro- 
chloric Acid. 

Alcohol, 

Remarks, 

Fibre. 

Solution. 

Redder. 

Violet. 

Decolorized. 

Yellow, 

On  cotton. 

Dark 
green. 

Red, 

Ash  contains  Cr, 

No  change. 

Violet. 

Decolorized. 

Pale  red. 

On  cotton. 

No  change. 

Yellow. 

Redder. 

No  action. 

Ash  contains  Cr, 

No  change. 

Decolorized. 

Pale  brown. 

On  cotton. 

No  change. 

Olive. 

Decolorized. 

No  action. 

On  cotton. 

No  change. 

Brown. 

Decolorized. 

No  action. 

On  cotton. 

VII.  BLACK  COLOES. 

No  action. 

Decolorized, 

No  action. 

Ash  contains  Fe, 

No  action. 

Brown. 

Decolorized, 

No  action. 

Violet 

Brown. 

Decolorized, 

No  action. 

No  action. 

Yellow. 

Brown, 

No  action. 

Ash  contains  Fe, 

No  action. 

Red- 
brown. 

Decolorized, 

No  action. 

No  action. 

Green-gray, 

Brown-red. 

CaO  CI  2— brown-red . 

No  action. 

Orange, 

No  action. 

Ash  contains  Fe, 

No  action. 

Olive- 
green. 

Brownish, 

No  action. 

Blue, 

Violet, 

Green-blue, 

Indigo 
removed. 

Purple. 

Violet. 

No  action. 

Ash  contains  Fe  or 
Cr, 

Violet, 

Violet. 

Red. 

Crimson. 

Violet, 

Violet. 

Red. 

Crimson. 

Blue. 

Red. 

Purple. 

Violet. 

Brown. 

No  change. 

Violet. 
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VII.  BLACK  COLOUR.— Contmued. 


Dyestuff. 

Firm.  | 

Hydrochloric  Acid. 

Sulphuric  Acid. 

Caustic  Soda. 

Fibre. 

Solution. 

Fibre. 

Solution. 

Fibre. 

Solution. 

Anthracite 
Black  D. 

/-I 
\j 

Violet. 

Greener. 

Gray. 

No  change. 

Pink. 

Victoria  Black 
5G. 

By 

Greener. 

Colorless. 



Green. 

Dark 
green. 

Green. 

Victoria  Black 
Blue. 

By 

Green. 

Greener. 

Violet. 

Jet  Black  R. 

±}y 

Green. 

Blue. 

Blue. 

Dark 
green. 

W^ool  Gray, 

M 

Lighter. 

Maroon. 

Maroon. 

Gray. 

Brown. 

Diamond 

Hit 

BY 

Green. 

Greener. 

Green. 

Darker. 

Gray. 

Ni^rosinCj  sol- 
uble. 

B 

Slate. 

Slate. 

Gray. 

Brown. 

Nigrosine. 

A 

Darker, 

Purple. 

Violet. 

Blue. 

Maroon.  • 

Violet. 

Violet. 

Violet. 

Violet. 

Red. 

Benzo  Blue 
Black  R. 

Blue. 

Blue. 

Violet. 

Bluer. 

Blue. 

Blue. 

Pink. 

Benzo  Gray  S. 

Bluer. 

Violet. 

Blue. 

Violet. 

Diamine  Black 
BO. 

C 

Redder. 

Blue. 

Blue. 

Redder. 

Pink. 

Same  devel- 
oped with 
phenylene- 
diamlne. 

c 

Blue. 

Diamine  Black 
RO. 

c 

Redder. 

Blue. 

Blue. 

Violet. 

Pink. 

Same  devel- 
oped with 
phenylene- 
diamine. 

c 

Diazo  Black  R 
(with  /5-naph- 
thol).  ^ 

By 

Navy 
blue. 

Navy 
blue. 

Rose. 

Diazo  Brilliant 
Black  B. 

By 

Greenish 
blue. 

Indigo 
blue. 

Indigo 
blue. 

Diamine  Deep 
Black  00. 

C 

Dark 
violet. 

Dark 
violet. 

Dark 
blue. 

Blue. 

Red. 

Red. 

i 
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VII.  BLACK  COWRS.— Continued. 


Ammonia. 

Spot  with 
Nitric 
Acid. 

Stannous 
Chloride 
AND  Hydro- 
chloric Acid. 

Alcohol. 

Remarks. 

Fibre. 

Solution. 

X  eilow, 

Violet. 

vioiei. 

Violet. 

Red. 

Decolorized. 

Violet. 

Orange. 

Yellow. 

Decolorized. 

Green. 

.  .  . 

Brown. 

1  eiiQw. 

Violet. 

—.  

Violet. 

Gray. 

Red. 

Violet. 

Ash  contains  Cr. 

Brown. 

Gray. 





Maroon. 

Violet.      1  Pink. 

Scarlet. 

Decolorized. 

Violet. 

On  cotton. 

Violet. 

Pink. 

Brown. 

Decolorized. 

Violet. 

On  cotton. 

1  Violet. 

Orange. 

Decolorized. 

Crimson. 

On  cotton. 

Redder.     |       .  . 

Scarlet. 

Decolorized. 

Violet. 

On  cotton. 

Violet. 

Decolorized. 

Violet. 

On  cotton. 

Decolorized. 

Violet. 

On  cotton. 

Violet. 

Decolorized. 

Violet. 

On  cotton. 

Decolorized. 

Violet. 

On  cotton. 

Rose. 

Brown. 

Decolorized. 

Violet. 

Decolorized. 

Violet. 

Brown. 

Decolorized. 
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WRITING  INKS. 

Writing  inks  are  either  colored  liquids,  or  liquids  containing  a 
finely-divided  precipitate  in  suspension. 

•  Ordinary  writing  ink  was  formerly  always  made  from  a  decoc- 
tion of  galls,  to  which  green  vitriol  was  added.  Of  late,  the  com- 
position of  writing  inks  has  become  far  less  constant,  aniline  and 
other  dyes  being  frequently  employed,  and  other  metallic  salts 
substituted  for  the  ferrous  sulphate  formerly  invariably  used. 

The  table  following  shows  the  general  composition  of  black 
writing  inks,  and  sufficiently  indicates  the  nature  of  the  substances 
to  be  sought  for  by  the  analyst: — 


Superior  Ink. 

Inferior  Ink. 

Ink  containing 

ViNJSGAR. 

Logwood  Ink. 

Copying  Ink. 

Copper  Ink. 

Runge's  Chrome 
Ink. 

Copying  Ink. 

Ink  Powder. 

Stephen's  Blue- 
black  Ink. 

Galls,  

225 

62 

174 

50 

60 

42 

12 

15 

100 

21 

20 

140 

'  4 

Potassium  chro- 

1 

Ferrous  sulphate, 

75 

31 

87 

16 

20 

21 

'3 

'  5 

5 

Cupric  sulphate, 

5 

2 

4  iron  filings. 

25 

31 

43 

47 

20 

16 

3 

"  2 

28 

1000(?) 

5 

1 

135 

60 

Water, .  .  ....  .  . 

ICOO 

1000 

1000 

1000 

1000 

ibob 

70 

200 

%  indigo  in  3 

of  sulphuric 

acid. 

The  best  black  ink  is  a  tanno-gallate  of  iron,  obtained  by  adding 
an  infusion  of  nut-galls  to  a  solution  of  ferrous  sulphate  (copperas). 
The  galls  contain  gallic  and  gallotannic  acids,  both  of  which  are 
serviceable.  On  coming  in  contact  with  ferrous  salts  in  concen- 
trated solutions,  these  produce  white  precipitates  which  turn  black 
on  exposure  to  air.  With  ferric  salts,  blue-black  precipitates  are 
at  once  produced.  A  small  quantity  of  gum  is  added  to  retain  the 
precipitate  in  suspension.  To  ink  iaitended  for  copying  by  pres- 
sure a  small  addition  of  sugar  or  glycerin  is  also  made. 

Sumac  is  sometimes  used  instead  of  galls,  and  some  of  the  nut- 
gall  inks  contain  a  little  acetic  acid,  added  as  vinegar. 

Some  of  the  gallic  inks  receive  an  addition  of  indigo-carmine  or 
sulphindigotic  acid.  Aniline  dyes  are  frequently  used  as  a  whole 
or  part  of  the  coloring  matter  of  both  black  and  colored  inks. 
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According  to  R.  Bottger  an  excellent  black  ink  may  be  pre- 
pared by  dissolving  in  water  1  part  of  pyrogallol,  3  of  ammonium 
vanadate,  and  3  of  finely-powdered  gum-arabic.  Another  highly 
recommended  ink  is  made  with  nigrosine  (an  aniline  black), 
potassium  bichromate,  and  gelatin. 

Logwood  is  a  frequent  constituent  of  ink.  It  gives  the  original 
ink  a  darker  hue,  and  itself  contains  taanin,  besides  the  coloring 
matter  hsematoxj^lin.  Logwood  and  alum  form  a  frequent 
basis  of  purple  inks. 

A  very  cheap  and  perfect  ink  is  obtained  by  dissolving  24  parts 
of  extract  of  logwoo(J  in  1,000  of  water,  and  adding  2  parts  of 
neutral  potassium  chromate.  This  ink  is  a  deep  black  liquid, 
which,  unlike  that  made  with  gallic  acid  and  iron,  contains  no 
deposit. 

Sulphate  of  copper  is  sometimes  added  to  ink,  with  questionable 
advantage. 

Indelible  ink  usually  owes  its  permanency  to  an  admixture  of 
finely-divided  carbon,  to  which  indigo  is  sometimes  added.  It  is 
kept  in  suspension  by  gluten,  an  alkaline  solution  of  shellac,  or 
other  similar  means. 

In  analyzing  ink,  the  total  solid  residue  should  be  determined 
by  evaporating  50  c.c.  to  dryness  on  the  water-bath.  The  residue 
thus  obtained  is  first  weighed  and  next  ignited,  the  odor  produced 
on  heating  being  carefully  noted  ;  sugar  or  shellac  may  thus  be 
detected.  The  weight  of  the  ignited  residue  is  then  taken,  after 
which  it  is  mixed  with  magnesia  and  caustic  soda,  and  ignited  in 
platinum.  The  mass  is  extracted  with  hot  water,  the  solution 
filtered,  and  the  filtrate  acidulated  with  acetic  acid.  In  presence 
of  a  chromate,  the  liquid  will  have  a  yellow  color,  and  will  give  a 
chrome-yellow  precipitate  on  adding  acetate  of  lead.  The  pre- 
cipitated PbCrO^  may  be  collected  and  weighed,  or  the  chromate 
formed  determined  volumetrically  by  a  ferrous  salt.  The  residue 
left  on  treating  the  fused  mass  with  water  should  be  boiled  with 
hydrochloric  acid,  the  liquid  filtered  and  examined  for  iron, 
copper,  aluminium,  &c.,  in  the  usual  way.  By  precipitating  the 
solution  with  a  large  excess  of  ammonia,  the  iron  and  aluminium 
may  be  roughly  separated  from  the  copper,  which  remains  in 
solution  and  communicates  a  blue  color  to  the  liquid. 

For  the  detection  of  organic  coloring  matters,  a  portion  of  the  ink 
should  be  strongly  acidulated  with  hydrochloric  acid.  A  blue 
color,  unaffected  by  the  acid,  but  destroyed  on  adding  bromine 
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water  or  bleaching  powder,  shows  the  presence  of  indigo.  If 
Prussian  blue  be  present,  the  ink  will  probably  turn  brown  on 
addition  of  soda,  and  the  filtered  liquid  will  give  a  deep  blue  pre- 
cipitate with  ferric  chloride,  after  being  acidified  with  hydrochloric 
acid.  A  black  color,  not  destroyed  by  acids  or  alkalies,  nor 
bleached  by  chlorine  or  bromine,  is  pretty  certain  to  be  due  to 
finely-divided  carbon.  An  ink  prepared  with  ammonium  vana- 
date and  galls  is  turned  blue  by  acids,  but  is  unaffected  by  alka- 
lies. Its  color  is  altered  but  not  bleached  by  chlorine.  Aniline- 
black  is  not  affected  by  alkalies,  but  is  turned  dark  green  by 
acids;  bleaching  powder  renders  it  garnet-red.  Logwood  inks  are 
turned  red  or  yellow  by  hydrochloric  acid,  while  those  containing 
galls  only  are  almost  wholly  decolorized  by  the  same  reagent. 

Some  inks  have  a  great  tendency  to  become  mildewed;  this 
may  be  prevented  by  a  small  addition  of  carbolic  or  salicylic  acid. 
Essential  oils  are  sometimes  used  for  the  same  purpose. 

G.  Wislar  (Papier  Zeit.  xx.  3059)  recommends  the  comparison 
of  a  commercial  sample  of  ink  with  a  standard  ink  prepared  by 
dissolving  23.4  grammes  tannin  and  7.7  grammes  of  crystallized 
gallic  acid  in  water  at  50°  C,  adding  10  grammes  of  gum,  2.5 
grammes  hydrochloric  acid,  30  grammes  of  ferrous  sulphate,  and  1 
gramme  of  phenol.  The  solution  is  made  up  to  1  litre  and  allowed 
to  stand  four  days,  when  the  clear  solution  is  poured  off.  To  this 
normal  ink  coloring  matter  is  added  to  get  the  required  shade. 
The  ink  to  be  tested,  having  stood  for  three  days,  is  uncorked,  and 
60  c.c.  is  taken  out  of  the  centre  of  the  liquid  and  filtered  through 
a  small,  fine  filter  paper;  25  c.c.  of  the  filtrate  are  placed  in  a  cyl- 
indrical vessel,  the  neck  is  closed  loosely  with  filter  paper,  and  the 
liquid  is  allowed  to  stand  for  some  time  in  diffused  light  and  in 
contact  with  air  free  from  ammonia  and  acid;  if  after  14  days 
there  is  a  deposit  on  the  walls  of  the  vessel,  the  ink  is  unsatisfac- 
tory. In  order  to  test  the  darkening  qualities  of  the  ink,  a  sheet 
of  the  best  writing  paper  is  stretched  on  a  frame  and  placed  at  an 
angle  of  45°,  then  a  little  of  the  unfiltered  ink  is  allowed  to  run 
down  the  surface  from  a  glass  tube  and  form  a  streak  on  the  paper. 
Another  streak  of  the  normal  ink  is  formed  in  the  same  way  by  the 
side  of  the  first,  and  both  are  allowed  to  dry;  then  if  they  com- 
pare favorably,  both  inks  are  diluted  with  an  equal  volume  of 
water,  and  fresh  streaks  are  made  and  compared.  Further,  the 
paper  may  be  cut  into  strips  across  the  streaks  and  treated  with 
water,  85  per  cent,  alcohol,  and  50  per  cent,  alcohol  for  two  days; 
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after  drying  they  are  again  compared.  To  test  the  fluidity,  the  ink 
is  allowed  to  flow  from  an  oval  spreader  and  the  width  of  the 
streak  measured.  The  tendency  to  blot  may  be  observed  in  the 
first  test.  The  stickiness  is  tested  by  putting  bits  of  paper  on  the 
dried  ink,  or  by  hand. 

Colored  Inks  do  not  usually  contain  tannic  acid;  in  many  in- 
stances they  are  nothing  but  solutions  of  coal-tar  dyes.  The 
following  examples  will  sufiice  to  give  a  general  idea  of  their 
composition: — 

Red. — Brazil  wood,  with  stannous  chloride  or  cream  of  tartar 
and  alum;  cochineal  or  carmine  dissolved  in  ammonia  or  sodium 
silicate;  aniline  red. 

Blue, — Prussian  blue  dissolves  in  oxalic  acid;  aniline  blue. 

Violet. — Aniline  violet. 

Green. — ^Acetate  of  copper  and  cream  of  tartar;  chrome  alum; 
iodine  green. 

Marking  Inks  are  all  closely  analogous  in  composition,  and 
their  assay  requires  no  special  description.  They  usually  consist 
of  nitrate  of  silver  colored  with  sap-green,  ivory-black,  indigo, 
<fcc. ;  or  ammonio-nitrate  of  silver  mixed  with  sodium  carbonate, 
sometimes  with  sulphate  of  copper  added.  In  Redwood's  ink, 
tartrate  of  silver  is  substituted  for  the  nitrate.  Reade's  ink  is 
ammonio-tartrate  of  silver. 

Printing  Ink  is  made  by  suspending  lampblack  in  linseed  oil, 
with  more  or  less  rosin  oil,  rosin,  turpentine,  &c. 

Invisible  Inks  are  such  that  give  visible  characters  only  after  a 
chemical  treatment  of  the  writing.  A  solution  of  lead  acetate  may 
be  used  for  this  purpose,  when  the  writing  will  become  visible  on 
exposure  to  vapors  of  hydrogen  sulphide.  Potassium  ferrocyanide 
solution  will  give  a  writing  which  can  be  developed  by  moistening 
with  a  dilute  solution  of  an  iron  salt.  A  writing  which  will  fade 
away  can  be  made  by  using  an  ink  prepared  from  rice  starch, 
water,  and  a  few  drops  of  tincture  of  iodine.  The  writing  may  be 
restored  by  exposing  to  the  vapor  of  iodine. 

Chemical  Examination  of  Ink  Marks. 

In  chemico-legal  cases  it  is  sometimes  of  importance  to  ascertain 
the  nature  of  the  ink  used,  to  compare  it  with  specimens  of  writ- 
ing of  known  history,  and  to  ascertain  the  relative  ages  of  the 
writings.  A  minute  inspection  should  first  be  made  with  a  magni- 
fying power  of  about  10  diameters,  and  any  peculiarities  of  color, 
lustre,  shade,  &c.,  duly  noted,  and  where  lines  cross  each  other 
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which  lie  uppermost.  The  examination  is  often  facilitated  by 
moistening  the  paper  with  benzene  or  petroleum  spirit,  whereby  it 
is  rendered  semi-transparent.  The  use  of  alcohol  or  water  is  inad- 
missible. 

Valuable  information  is  often  obtainable  by  treating  writing  or 
other  ink-marks  with  reagents.  Some  inks  are  affected  much  more 
rapidly  than  others,  though  the  rate  of  change  depends  greatly 
on  the  age  of  the  writing.  Normal  oxalic  acid  (63  grammes 
per  litre),  or  hydrochloric  acid  of  corresponding  strength,  should 
be  applied  to  a  part  of  the  ink  marked  with  a  feather  or  camel- 
hair  brush  (or  the  writing  may  be  traced  over  with  a  quill 
pen),  and  the  action  observed  by  means  of  a  lens,  the  reagent 
being  allowed  to  dry  on  the  paper.  ^  Recent  writing  (one  or  two 
days  old)  in  gallic  inks  is  changed  by  one  application  of  oxalic 
acid  to  a  light  gray,  or  by  hydrochloric  acid  to  yellow.  Older 
stains  resist  longer,  in  proportion  to  their  age,  and  a  deeper  color 
remains.  Logwood  ink  marks  are  mostly  reddened  by  oxalic  acid, 
and  alizarin  marks  become  bluish,  but  aniline  inks  are  unaffected. 
With  hydrochloric  acid,  logwood  ink  marks  turn  reddish  or  red- 
dish-gray, alizarin  marks  greenish,  and  aniline  ink  marks  reddish 
or  brownish-gray.  The  treatment  with  acid  should  be  followed 
by  exposure  to  ammonia  vapors,  or  blotting  paper  wet  with  am- 
monia may  be  applied.  Thus  treated,  marks  in  logwood  ink  turn 
dark  violet  or  violet-black.  The  age  of  ink  marks  very  greatly 
affects  the  rate  of  their  fading  when  treated  with  dilute  ammonia, 
the  old  marks  being  more  refractory.  The  behavior  of  ink  marks 
when  treated  with  solution  of  bleaching  powder  is  often  character- 
istic, the  older  writings  resisting  longer;  but  unless  the  reagent  be 
extremely  dilute,  writings  of  all  ages  are  removed  almost  simul- 
taneously (R.  Irvine,  Jour.  Soc.  Chem.  Ind.,  vi.  807).  Hydro- 
gen peroxide  acts  more  slowly  than  bleaching  solution,  but  gives 
more  definite  results.  After  bleaching  the  mark  by  either  reagent, 
the  iron  of  the  ink  remains  mordanted  on  the  paper,  v  and  the 
mark  may  be  restored  by  treatment  with  a  dilute  solution  of  galls, 
tannic  acid,  or  acidulated  potassium  ferrocyanide.  The  same 
reagents  may  be  used  for  restoring  writing  which  has  been  faded 
from  age  alone. 

^The  author  succeeded  by  this  treatment  in  detecting  an  alteration  in  a  receipt 
on  account  in  which  a  figure  1  had  been  ahered  to  4.  The  added  mark,  as  also 
a  forged  signature  across  the  stamp  necessitated  by  the  change,  faded  out  first 
under  treatment  with  dilute  hydrochloric  acid. 
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When  ink  marks  have  been  erased  or  discharged  by  chemical 
means,  traces  of  the  treatment  are  often  recognizable.  After 
effecting  the  erasure,  the  spot  is  often  rubbed  over  with  powdered 
alum  or  gum  sandarac,  or  coated  with  gelatin  or  size.  The  bleach- 
ing agents  most  likely  to  have  been  used  are  oxalic,  citric,  or 
hydrochloric  acid,  bleaching  powder  solution,  or  acid  sulphite  of 
sodium.  Moistened  litmus  paper  will  indicate  the  presence  of  a 
free  acid,  and  in  some  cases  treatment  with  ammonia  fumes  will 
restore  the  color.  The  presence  of  calcium,  chlorides,  or  sulphates 
in  the  water  in  which  the  paper  is  soaked  will  afford  some  indica- 
tion of  bleaching  powder  or  a  sulphite  having  been  used.  Potas- 
sium ferrocyanide  will  detect  any  iron  remaining  in  the  paper. 
Exposure  to  iodine  vapor  often  affords  evidence  of  chemical  treat- 
ment, and  other  methods  of  examination  readily  suggest  them- 
selves. 

The  application  of  reagents  to  writing  in  black  ink  has  been 
recommended  by  W.  Thomson  for  the  identification  of  hand- 
writing (Chem.  News,  xlii.  32). 

Robertson  and  Hoffmann  (Pharm.  Centr.,  xxxiii.  225) 
propose  a  treatment  of  written  characters  with  the  following 
reagents  in  order  to  detect  forgeries  and  alterations: 

(1. )  3  per  cent,  solution  of  oxalic  acid  in  water. 
(2.)  10  per  cent,  solution  of  citric  acid  in  water. 
(3.)  2  per  cent,  solution  of  chloride  of  lime  in  water. 

(4.)  Solution  of  1  part  stannous  chloride  in  1  part  of  hydrochloric  acid  and  10 
parts  of  water. 

(5.)  15  per  cent,  sulphuric  acid  solution. 

(6.)  10  per  cent,  hydrochloric  acid  solution. 

(7. )  20  per  cent,  nitric  acid  solution. 

(8. )  Saturated  solution  of  sulphur  dioxide  in  water. 

(9. )  4  per  cent,  solution  of  gold  chloride  in  water. 
(10.)  Solution  of  1  part  potassium  ferrocyanide  in  1  part  of  hydrochloric  acid 
and  10  parts  water. 

(11.)  Solution  of  1  part  sodium  thiosulphate  in  1  part  ammonia  and  10  parts 
water. 

(12.)  4  per  cent,  solution  of  sodium  hydroxide. 

These  reagents  should  be  applied  by  means  of  a  quill  pen  drawn 
over  the  characters.  Their  action  on  a  number  of  different  inks  is 
given  in  the  following  table.  The  reactions  should  be  observed 
under  a  power  of  100  diameters. 
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Resorcin  In^. 

Bright  red. 
Disappears, 
Bright  pink. 

Bright  red. 
Bright  pink. 
Disappears. 
Fades. 

Runs,  with  brown 
color. 

Brown. 

Pink. 

Unchanged. 
Brown. 

2; 
> 

Fades,  and  runs  a 
little. 

Fades  and  runs. 

Fades  slightly  and 
runs  a  little. 

Fades  a  little. 

Fades  a  little. 

Fades  a  little. 

Fades  a  little  and 
runs. 

Unchanged. 

Runs  very  much. 

Unchanged. 

Dirty  brown,  runs. 
Unchanged. 

NIGROSIN. 

Unchanged. 

Runs,  with  dark 
blue  color. 

Slightly  altered. 

Unchanged. 
Runs  a  little. 
Unchanged. 
Unchanged. 

Unchanged. 

Dark  violet,  runs. 

Unchanged. 

Dark  violet,  runs. 
Brown. 

Logwood. 

With  Copper 
Sulphate. 

Orange-yellow. 
Orange-yellow. 
Blood-red, 

Purplish-red. 
Purplish-red, 
Magenta-red. 
Red. 

Brown. 

Dark  blue. 

Brick-red. 

Dark  red,  runs. 

Disappears, 
but  leaves  a 

yellow 
coloration. 

With  Potassium 
Chromate. 

Violet. 
Violet. 
Purplish-red. 

Red. 
Red. 
Red. 
Grayish-violet. 

Reddish-brown. 

Unchanged, 

Red. 

Brown. 
Disappears. 

Iron  Gallotannic 
Ink. 

Disappears. 

Fades. 

Disappears,  but 
leaves  behind  a 
yellow  coloration. 

Disappears. 

Disappears. 

Disappears, 

Fades. 

Fades  slightly. 

Dark  red. 

Blue. 

Dark  red. 
Disappears, 

Reagents. 

Oxalic  acid. 
Citric  acid. 
Hydrochloric  acid. 

Sulphuric  acid. 
Nitric  acid. 
Stannous  chloride. 
Sulphurous  acid. 

Gold  chloride. 

Sodium  thiosulphate 
and  ammonia. 

Potassium  ferrocyanide 
and  hydrochloric  acid. 

Sodium  hydroxide. 

Chloride  of  lime. 
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When  characters  har-e  been  removed  unchemically,  proof  may 
be  obtained  by  means  of  a  photograph  taken  by  transmitted  hght, 
or  by  exposing  the  paper  to  iodine  vapor.  The  latter  process  is 
especially  useful  in  cases  where,  for  the  removal  of  the  writing, 
the  paper  has  been  moistened;  these  places  become  blue,  the  other 
brown.  When  the  removal  has  been  effected  by  chemical  means, 
in  most  cases  by  oxalic  acid,  chloride  of  lime  and  sulphur  dioxide, 
the  suspected  places  are  treated  with  a  solution  of  sulphur  dioxide 
in  water,  then  with  3  per  cent,  solution  of  hydrogen  peroxide,  and 
finally  with  dilute  ammonia.  After  the  evaporation  of  the  excess 
of  ammonia,  good  results  may  be  obtained  with  tannin,  which 
darkens  the  characters. 
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Absorption  spectra  of  dyes,  507 
Acacia  angica,  61 

catechu,  61 
Acetin  blue,  339 
Acid  alizarin  blue,  BB,  254 
CR,  254 
green  B,  254 
G,  254 

blue  6  G,  302 
brown  G,  183,  186 
R,  183,  186 
cerise,  283 

coloring  matters,  102 
eosin,  318 
green  D,  299 

JJ,  299 

M,  299 

SOF,  299 
magenta,  preparation  of,  283 
maroon,  283 
milling  scarlet,  220 
ponceau,  168 
rosamin  A,  331 
violet  4  B  extra,  294 

6  B,  294,  306 

7  B,  294,  306 

4  BN,  294,  306 
6  BW,  306 
N,  294 
4  RS,  294 
yellow,  150,  157 
D,  151,  160 
G,  151,  157 
OO,  160 
R,  157 
S,  132 
Acme  yellow,  152 
Acridine  dyestuffs,  360 
orange,  363,  366 

R,  366 
red  3  B,  267 
yellow,  366 
Adjective  dyes,  104 
Aldehyde  green,  363,  366 
Alder-bark,  47 

-tannin,  23 
Aleppo-galls,  51,  63 
Algarobilla,  53,  64 
Algarobo,  64 


Alizarin,  235 

adulterants  of,  247 
analysis  of,  246 
analysis  of  pastes,  248 
detection  on  the  fibre,  258 
dye-test  for,  256 
for  reds,  244 
for  violets,  250 
manufacture  of,  235 
powder  W,  238 
properties  of,  236 

separation    of    from    flavo-  and 

anthrapurpurin,  248 
shades  with    different  mordants, 

257 

sulphonic  acid,  237 

CA,  250 

GD,  250 

GI,  250 

le,  250 

No.  1,  250 

No.  6,  250 

No.  10,  250 

P,  250 

RF,  250 

RG,  250 

RX,  250 

SA,  252 

SC,  250 

SDG,  250 

SX,  250 

V,  250 

VI,  250 
W,  252 
WS,  238,  252 
WSI,  238 

X,  250  _ 

black,  distinction  from  other  blacks. 

259 
black  P,  254 
S,  250,  254 
SW,  250 
blue,  239,  250 
A,  250 
AB,  250 
black  SW,  250 
DNW,  250 
F,  250 
'  GW,  250 
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Alizarin,  blueE,  250 

RR,  250 

S,  240,  252 

soluble  ABS,  252 
bordeaux  B,  252 

BD,  252 

G,  252 

GG,  252 
cardinal,  254 
carmine,  238,  252 
cyanine  G,  252 

R,  252 
garnet  R,  254 
green,  326 

G,  358 

S,  252 
indigo  blue  S,  252 
maroon,  252 
orange,  238 

A,  250 

AO,  250 

AOP,  250 

G,  254 

N,  250 

OG,  250 

OR,  250 
red  S,  252 
violet,  326 
yellow  A,  250 

C,  250 
FS,  210 
GG,  153,  156 
R,  153,  156 

Alkanet,  434 
Alkannin,  434 
Alkali  blue,  288 

analysis  of,  288 

6  B,  289 

D,  289 
XG,  302 

brown,  170,  250 
green,  308 
red,  198 
violet,  306 
yellow,  153 

R,  200 

Alpha-naphthol-azo-naphthalene,  149 
Alpine  blue,  302 
Alsace  gray,  376 
green,  134 

J,  135 
Amaranth,  166 
Amethyst  violet,  340 
Amido-azo  compounds,  145 

dyes,  151,  154 
Ammoniacal  cochineal,  468 
Ammonium  gallate,  34 
Ammonium  picrate,  125 
Anchuaic  acid,  434 


Anchusin,  434 
Aniline  black,  371 

blue,  286 

greens,  295,  363 

adulteration  of,  299 

orange,  128,  364 

pink,  334 

red,  274 

violets,  291,  336 

yellow,  146,  364 
Animal  tannin,  23,  43 
Anisidine  ponceau,  164 
Anisoline,  330 
Anisol  red,  164 
Annatto,  451 

Anthracene,  analysis  of,  230 
blue  S,  252 

WB,  254 
WG,  254 
WR,  254 
brown  G,  250 
brown  R.  250 
green,  326 
red,  208 
violet,  326 
yellow,  252 

BN,  174 
Anthracite  black  B,  192 
Anthragallol,  241,  250 
Anthrapurpurin,  244,  250 
Anthraquinone,  analysis  of,  231 

production  of,  230 
Anthrarobin,  237 
Antimony  in  dyestufFs,  514 
Apollo  red,  166 
Archil,  413 

analysis  of,  415 
red,  180 
substitute,  164 

extra,  166 
G,  166 
3  VN,  166 
Arnica  yellow,  174 
Arsenic  in  dyestufFs,  514 
Artificial  indigo,  390 
Atlas  orange,  152 

^red,  170 
Auramine,  265 
G,  266 
O,  266 
Aurantia,  110,  132 
Aureolin,  369 
Aureosin,  320 
Aurin,  310,  313 

detection  of,  312 
R,  813 
Aurotin,  313 
Azaleine,  274 
Azalin,  363 
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Azarine  E,  225' 

S,  140 
Azindone  blue  G,  344 

R,  344 
Azine  blue,  339 

green  GB,  340 
TO,  340 
S,  340 

Azo-acid  yellow,  152 
Azobenzene,  141 

red,  179 
Azo-black,  184,  192 

blue,  216 
Azo-blue,  214,  224 
brown  O,  164 
carmine  B,  346 
G,  346 
Azococcin  7  B,  180,  188 

2  R,  164 
Azo-coloring  matters,  140 
Azo  corinth,  216 

dyes,  analytical  reactions  of,  225 
from  benzidine,  194 
method  of  reducing,  227 
reduction  products  of,  228 
eosin,  166 

flavine,  132,  152,  161 

2,  161 

S,  161 
ftichsine  B,  170 

G,  170 
green,  308 
litmin,  419 
mauve,  212 
nigrine,  192 
orange  R,  218 
orseilline,  198 
phenine,  338 
reds,  161 

resorufin,  135,  350 

rubin  S,  166 

2  S,  182 

Turkey-red,  172 

violet,  204 

yellow,  152,  161 
Azoxybenzene,  137 
Azoxy-coloring  matters,  136 
Azurine,  285,  356 
Azuline,  285 


Bavarian  blue  DSF,  289 

spirit  soluble,  285 

Bengal  blue,  339 
green,  297 

Bengaline,  339 

Benzaldehyde  green,  297 

Benzidine  dyes,  method  of  dyeing,  222 
rendering  fast,  197 

Benzo  azurine  G,  204,  224 
3  G,  206 
black  blue  G,  206 

5  G,  210 
R,  216 

brown  B,  186 
G,  186 

flavine,  363,  366 

gray,  202 

indigo  blue,  206 

olive,  210 

orange  R,  200 

pure  blue,  208 
Benzopurpurin,  214,  223 

4  B,  214,  223 

6  B,  214 

10  B,  206 
Benzoyl  green,  297 
Benzyl  fluorescein,  317 

violet,  293,  304 
Betanaphthol-azo-benzene,  149 

orange,  152 

yellow,  155 
Betanitro-alizarin,  238 
Biebrich  scarlet,  179,  181,  190 
Birch-bark,  47 
Bismarck  brown,  183,  186 
Bixin,  451 
Black  oak,  66 
Bhickley  blue,  287,  339 
Bleu  de  Lyon,  287 

Nemours,  433 

nuit,  286 

fluorescent,  351 

lumiere,  286 

nouveau  P,  348 
Blue  BVSr,  287 

archil,  414 

black  B,  192 
Boiley's  blue,  387 
Bordeaux  B.  168 

BX,  188,  190 

GOV,  188 

extra.  198 

G,  190 
Bradford  blue,  302 
Brahma  orange,  200 

red  B,  200 

6  B,  200 
Brazil  wood,  429 
Brazilein,  430 


Babool  bark,  62 
pods,  65 
Bahia  wood,  429 
Barbatic  acid,  410 
Barwood,  432 
Basic  coloring  matters,  102 
Basle  blue  BB.  340 
R,  340 

Bavarian  blue  DBF,  285,  290,  302 

37 
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Brazilin,  430 

Brilliant  alizarin  blue  G,  360 
E,  360 
az urine  5  G,  206 
black  B,  192 
Congo  G,  198 

R,  214 
cotton  blue,  285 
croceine,  188 

M,  180,  181 
green,  298 
Hessian  purple,  218 
orange,  152 
•  ponceau,  166 

4  R,  163 
purpurin,  212 

yellow,  110,  132,  160,  218,  224 
S,  151 
Brown  NP,  166 

NPJ,  106 
Buffalo  rubine,  168 
Butter  colorings,  454 

Cachou  de  Laval,  375 

S,  375 
Caffetannic  acid,  23,  40 
Caliatour  wood.  432 
Campanulin,  349 
Campeacliy,  423 
Camwood,  432 
Canaigre,  54 

root,  02 
Canarin,  374 
Canelle,  183 

Capillary  analysis  of  dyes,  478 
Capri  blue  GN,  349,  356 
Carbazol  yellow,  200 
Carbazotic  acid,  112 
Carbonates  in  dyestuffs,  513 
Cardinal  red  S,  283 
Carmi  naphtha,  149 
Carmine  lake,  469 
Carminic  acid,  464 
Carmoisin,  166 
Carnotin,  369 
Carotin,  457 
Carthamin,  436 
Catechin,  45 
Catechol,  65 
Catechu.  47,  49 

adulterations  in,  50 

brown,  188 

tannic  acid,  23,  44 
Catechu retin,  46 
Cayota,  53 

Ceiestine  blue  B,  258 
(Jerasine,  166 
Chemic  blue.  388 
Chestnut  oak,  61,  66 


Chestnut  pak  extract,  47 

tannin,  23 

wood  extract,  47 
Chicago  orange,  174 
China  blue,  287 
Chinese  gall  nuts,  52 
Chloramine  yellow,  370 
Chloranil  violet,  292 
Chlorin,  134 
Chlorophenin  G,  371 
Chloropicrin,  117 
Chrome  blue,  302 

brown  EO,  164 

green,  308 

violet,  306,  313,  336 

yellow  D,  174 
Chromine  G,  371 
Chromogen,  376 
Chromotrop  2  B,  170 

6  B,  172 

8B  170 

10  B,  170 

2  E,  170 
Chrysamine  G,  198,  222 

E,  212 
Chrysaniline,  364,  366 
Chrysarobin,  260 
Chrysaurein,  152 
Chryseolin,  152 
Chrysoidine,  147 

E,  147,  172 
Chrysoin,  149,  152,  155 
Chrysolin,  317 
Chrysorhaninin,  447 
Chrysophanic  acid,  234,  259 
Chrysophenine,  218,  224 
Clmrco-bark,  47 
Cinchotannic  acid,  23 
Cinnamon  brown,  183 
Citronin,  110.  132.  152 
Citronine  B,  2  B,  161 
Classification  of  dyestuffs,  106 
Clayton  cloth  red,'  170 

cotton  brown,  186 

wool  brown,  192 

yellow,  153,  156 
Clementine,  342 
Cloth  brown  G,  200 
E,  200 

orange,  200 

red  B,  188 

3  B,  192 
G,  188 

3  G,  188 
Coccin,  164 
Coccinin,  164 

B,  164 
Cochineal,  463 

analysis  of,  466 
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Cochineal  carmine,  469 
scarlet  G,  106 

2  R.  164 
4  R,  166 

Coerulein,  321 
S,  321 
SW,  326 

Colorimetric  analysis  of  dyestuffs,  516 
Coloring  matters,  constitution  of,  101 

general  methods  for  anal- 
ysis of,  473 
Green's  tables  for  analysis 

of,  496 
history  of,  100 
of  natural  origin,  376 
relations  to  fibres,  103 
Eota's  tables  for  analysis 

of,  500 
tabular  schemes  for  rec- 
ognition of,  480 
Witt's  tables  for  analysis 
_  of,  484 
Commercial  alizarin  paste,  246 
dyes,  examination  of,  512 
picric  acid,  119 
Common  salt  in  dyestuffs,  512 
Compound  shades,  recognition  of  con- 
stituent dyes  of,  523 
Congo  G,  198 
P.  l'J8 

brown  G,  200 

R,  200 
corinth,  196 

B,  214 

G,  198 

R,  212 
pure  blue,  208 
red,  198,  222 

4  R,  214 
violet,  198 
yellow,  198 
Ooreine  AB,  358 
AR,  358 
RR,  358 
Cx)rk-bark,  47,  59 
Cotton  blue,  285,  287 

3  B,  287 
R,  348 

bordeaux,  204 
orange  G,  174 
R,  194 
red.  214 

scarlet,  147,  188,  220 

yellow  G,  220 
R,  153 
Coupler's  blue,  339 
Cresol  red,  168 
Croceine  B,  180,  188 

3  B,  188 


Croceine  3  BH,  168 

orange,  149,  152,  155 
scarlet  3  B,  178,  190 

7  B,  179,  181,  190 

Crocin,  448 

Crumpsall  fast  blue,  350 

yellow,  174 
Crystal  ponceau  6  R,  164 
violet,  293,  304 
5  BO,  293 
O,  293 

Cudbear,  418 
Curcumein,  151,  161 
Curcumin,  458 

S,  137 

W,  137 
Cutch,  47,  49,  59 
Cyanimides,  348 
Cyanin  B,  302 
Cyanine,  362,  366 
Cyanole  extra.  302 
Cyanosine,  320 
Cyclamine,  326 

Dahlia,  291 
Daphnin,  320 
Dark  green,  134 
Dchit,  63 
Deep  red,  168 
Delphin  blue,  350,  356 
Deltapurpurin  B,  214 

7  B,  212 

G,  198,  224 
Deltapurpurins,  production  of,  224 
Dextrin  in  dyestuffs,  513 
Diamido-azo-compounds,  146 
Diamine  black  B,  204 
R,  202 
•  blue  B,  204 

BB,  202 
3  B,  216 
BR,  216 
3  R,  204 
black  E,  204 

bronze  G,  202 

brown  V,  202 

catechin,  210 

fast  red,  202 

gold,  190 

green  B,  204 

pure  blue,  208 

red  3  B,  212 

NO.  204 

scarlet  B,  198 

sky  blue,  206 

violet  N,  202 

yellow  W.  210 
Diamond  black,  192 

flavin  G,  172 
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Diamond  green,  297 
G,  298 
yellow  G,  170,  174 
E,  170 

Dianisidine  blue,  208 

Dianthin  B,  320 

Diazo-amido-benzene,  144 

Diazo-benzene  acid  sulphate,  144 
chloride,  143 
compounds,  142 
nitrate,  143 
sulphonic  acid,  144 

Digallic  acid,  23  • 

Dihydroxyanthraquinones,  234 

Dimethyl-amido-azo-benzene,  147 

Dimethylaniline  orange,  151 

Dinitro-alphanaphthol,  128 

Dinitrocresols,  127 

Dinitroso-resorcinol,  134 

Diorsellinic  acid,  410 

Diortho-dinitropenol,  113 

Dioxin,  136 

Diphenylamine  blue,  285 
orange,  160 
yellow,  151,  159 
Diphenylmethane  coloring  matters, 
Direct  blue  B,  206 

R,  216 
dyes,  103 
brown  J,  188 
gray  B,  216,  376 

J,  376 

R,  202,  376 

4  R,  376 
red,  210,  214 

B,  198 
violet,  291 
yellow,  125,  210 

G,  137 

2  G  3  G,  110 
Ditann-acetacetic  ether,  31 
Divi-divi,  47,  51,  64 
Double  brilliant  scarlet  G,  168 
3R,  168 

green,  295 

scarlet,  190 

extra  S,  168 
Dragon  green,  297 
Dyed  fibres,  tables  of  reactions  of,  524 
Dyes  of  animal  origin,  463 
Dyestuffs  of  unknown  constitution,  371 

Echurin,  115 
Eclipse  red,  214 
Ellagic  acid,  20,  39 

formula  of,  34 
Ellagitannic  acid,  23,  39 

formula  of,  34 
Emerald  green,  298 


I  Emodin,  234 
English  oak,  63,  66 

yellow,  128 
Eosins,  constitution  of,  318 
Eosin  A,  319 

B,  319 
BE,  321 
10  B,  320 

B  extra,  319 
BN,  320 
BW,  320 

C,  319 
DH,  319 
DHV,  320 
3  G,  319 
GGF,  319 

J,  3  J,  4J,  319 
JJF,  319 
KS,  319 
orange,  319 
scarlet,  320 

B,  BB,  320 

S,  321 

water  soluble,  319 

yellowish,  319 
Erika  B,  168 
Erythric  acid,  409 
Erythrin,  409 

X,  188 
Erythrite,  411 
Erythrobenzene,  274 
Erythroglucin,  411 
Erythrol,  411 
Erythrosin,  319,  324 

B,  319 

BB,  320 

D,  320 
G,  320 

Ethyl  blue,  285 

eosin,  321 

green,  298,  306 

orange,  159 

violet,  304 
Ethylene  blue.  353,  355 
Euriiodines,  333 
Evernic  acid,  410 
Examination  of  dyed  fibres,  517 

Fast  acid  blue  R,  331 

ponceau,  174 
scarlet,  174 
violet  A  2  R,  331 
B,  331 
10  B,  306 

Fast  azo  grenat,  194 
black,  356 

B,  BS,  252 
blue,  288 

B,  339 
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Fast  blue  2  B  for  cotton,  349 

greenish,  339 

R,  339,  342 

RR,  339 

III  R,  348 

black,  356 

brown,  183,  186 

3  B,  168 

G,  183,  186 

N,  164,  177 
cotton  blue  B,  349 

R,  RR,  3  R,  348 
green,  297,  308 

G,  358 

J,  298 

M,358 
marine  blue,  348 

GM,  349 
MM,  348 
RjM,  348 
myrtle  green,  134 
neutral  violet  B,  340 
new  blue  for  cotton,  342 
pink,  335 
ponceau,  194 

B,  190 

2  B,  190 
red,  168 

A,  166 

B,  168,  172 
BT,  168 

C,  166 

D,  166 

E,  168 
scarlet,  181,  190 
violet,  348 

B,  R,  192 
wool  blue,  302 
yellow,  151 

extra,  151 

N,  151 

R.  151,  154,  158 
Fastness  of  colors,  518 
Fern-tannin.  23 
Ferric  gallotannate,  36 
Fine  blue,  286 
Fisetin,  445 
Flavaniline,  360,  366 

S,  362.  366 
Flavaurin,  110 
Flavin,  440 
Flavindnlin,  346 
Flavophenine,  198,  222 
Flavopurpurin,  244,  250 
Fluoran,  317 
Fluorescein,  315 
Fluorescence  of  dyes,  511 
Fluorescent  resorcin  blue,  351,  358 
Formyl  violet  S  4  B,  294,  306 


French  purple,  414 
Fuchsia,  342 
Fuchsine,  274 

scarlet,  266 
Fustet  wood,  444 
Fustic,  reactions  of,  443 

Gallamide,  34 
Gallamine  blue,  358 
Gallanilic  green,  358 

indigo  P,  PS,  356 
violet  BS,  356 
Gallazin  A,  358 
Gallein,  326 
Gallic  acid,  20,  65 

detection  of,  in  tannin,  38 
Gallocyanin  BS,  348 
DH,  348,  356 
Galloflavin,  250 
Gallotannic  acid,  23,  32,  65 

commercial,  adulterations 

in,  37 
composition  of,  33 
formula  of,  34 
preparation  of,  32 
reactions  of,  34 
solubility  of,  35 

Gall-nuts,  47 
Galls,  51 
Gambene,  59 
Gambler,  47,  49,  60 
Gambin  B,  135 

R,  136 

Y,  136 
Gamboge,  461 
Gambogic  acid,  462 
Gambogin,  462 
Garonille,  59 
Gentian  blue  6  B,  286 
Gentianin,  360 
Girofle,  336,  340 
Glacier  blue,  302 
Glycin  bine,  208 

corinth,  206 

red,  208 
Gold  orange,  152,  159 

yellow,  129,  152 
Green  oak,  59 

powder,  295 
Grenat  S,  283 
Guernsey  blue,  439 
Guinea  green  B,  308 
BV,  308 

Htematein,  425 
Hoematoxvlin,  424 
Helianthin,  150,  154 
Heligoland  yellow,  194 
Heliochrysin,  110,  131 
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Heliotrope,  206 
B,  336 

2  B,  208,  336 
Helvetia  green,  298,  308 
Hemlock-bark,  27,  60 

extract,  47 
Hemlock-tannin,  23 
Hessian  blue,  286 

brown  BB,  202 
MM,  216 

purple  B,  D,  N,  218 

violet,  220 

yellow,  220 
Hexahydroxyanthraquinones,  234 
Hochst  new  blue,  302 
Hofmann's  violet,  294,  304 
Homo-erythrin,  410 
Hydrazobenzene,  138 
Hydrazo  derivatives,  138 
Hydrindigotin,  384 
Hydrotannic  acid,  31 
Hydroxy-azobenzene,  148 
Hydroxy-azo-compounds,  148 
Hydroxy-azo-dyes,  153,  155 
Hyposulphindigotic  acid,  386 

Imperial  red,  214,  320 

scarlet,  190 

violet,  294 

yellow,  132 
IndaminGG,  344 

J,  344 

JO,  344 

R,  2  R,  3  R,  6  R,  344 

blue  N,  NB,  NR,  344 
WG,  344 

vat  blue,  344 
Indazin  NV,  342 
Indian  oak,  66 

saffron,  458 

tannin  yielding  plants,  49 
yellow,  152,  161 
Indican,  379 

Indicators,  with  different  acids,  421 
Indigen  D,  F,  339 
Indigo,  377 

analysis  of,  393 

detection  on  fibre,  405 

sources  of,  378 

synthesis  of,  390 

theory  of  formation  of,  378 
Indigo-blue,  381 

carmine,  387 

analysis  of,  389 

extract,  387 

red,  380 

salt,  392 

substitute.  339 

white,  384 


Indigotin,  381 
Indiglucin,  381 
Indirubin,  380 
Indisin,  336 
Indoin  blue  R,  172 
Indoplienin  extra,  339 
Indophenol,  331 

N,  332 
Indophor,  381 
Indulines,  337,  342 
Induline  3  B,  6  B,  338 

scarlet,  346 
Ingrain  colors,  104 

Ink  marks,  chemical  examination  of,  539 
lodeosin,  319 

B,  320 
Iodine  green,  296,  306 

violet,  294 
Iris  blue,  358 
Isatin,  383 

yellow,  140 
Isohydrotannic  acid,  31 
Isonitroso-coloring  matters,  133 
Isopurpurates,  117 
Italian  green,  375 

Jaft,  63 

Japanese  gall  "nuts,  52 
Jaune  acide,  151 
soleil,  137 
Jet  black  R,  192 

Karabe  wood,  433 
Kermes,  470 
Kermesin  orange,  152 
Kino,  47,  51 
Kinoin,  46 

formula  of,  34 
Kinotannic  acid.  23 
Kliphaut  bark,  62 
Knoppern,  52 
Koko,  60 
Kruppelboom,  61 

Lac  dye,  471 
Laccainic  acid,  471 
Lacmoid,  351 
Lakes,  103 

Lancaster  yellow,  153,  156 
Larcli-bark,  47,  60 
Lauth's  violet,  352,  358 
Lead  ])icrate,  125 
Leather,  17,  18 

brown,  183,  194,  364 

yellow,  364 
Lacanoric  acid,  410 
Leucine,  380 

Lichens,  coloring  matters  froin,  408 
Liebcrniann's  phenol  dycstiifT,  134 
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Light  green,  295 
S,  299 

SF,  298,  308 
Lima  wood,  429 
Lingiie-tannin,  23 
Litmus,  418 
Logwood,  423 

decoction,  reactions  of,  426 

extract;  427 
London  blue,  287 
Lupulo  tannic  acid,  23,  43 
Lutecienne,  320 
Luteoline,  161,  446 
Lyddite,  125 
Lydin,  336 

Maclurin,  442 
Magdala  red.  335,  340 
Magenta,  274 

detection  of,  278 

arsenic  in,  283 
in  wine,  282 
examination  of  commercial,  282 
reactions  of,  276 
S,  283 

]\ragnesium  sulphate  in  dyestufis,  513 
Maize,  137 

Malachite  green,  297,  306 

B,  297 

G,  298 
?^Ialta  gray,  376 
•Manchester  brown,  183,  186 
EE,  190 

yellow,  129,  160 
Mandarin,  155 

G,  OTv,  152 

yellow,  158 
Mangrove-bark,  47,  61 
Marine  blue,  287 

B,  289 
Maroon  S,  283 
i\Tarsh  rosemaiy,  47 
Martins'  yellow,  129 

detection  of,  in  stomach,  130 
Mate-tannin,  23 
Mauve,  336.  340 
Mauveine,  336 
Mekong  yellow  G,  210 

R,  218 
Meldola's  blue,  348,  356 
Melinite,  116 

?.Ieta-dihydroxy-azobenzene,  148 
Metallic  picrates,  124 
Metamine  blue  B,  349,  356 
G,  349 

Metanil  yellow,  151,  154,  160 
S,  151 

Metaphenylene  blue  B,  342 
diamine,  145 


Methyl  alkali  blue,  289 
blue,  285 

BI  for  cotton,  290 

for  silk  MLB,  289 

M,  290 

MBI,  285 
eosin,  320 
green,  295,  306 
orange,  151,  154,  158 
phloxin,  324 
violet  B,  291,  304 

2  B,  291 

6  B,  293 

7  B,  293 
V  3,  291 

water  blue,  285 
Methylaniline  green,  295 

violet,  291 
Methyldiphenylamine  blue,  302 
Metliylene  blue,  353 

B,  BB,  BG,  353,  358 
extra  I),  353 
laD,  353 
gray  NI),  NF,  376 

O,  376 
green,  355,  360 
red,  355 

violet  BRA,  342 

3  EA,  342 
Mikado  brown  B,  138 

3  GO,  138 
M,  138 

golden  yellow  2  G,  4  G,  6  G,  8 
G,  110,  125 

oranges  G,  E,  2  R,  3  E,  4  E,  5 
E,  138 

yellow,  138 
Milling  blue,  344 

orange,  194 

yellow,  153,  156,  174 
Mimosa,  47,  62,  371 

-bark,  47 
Mimotannic  acid,  44 
Mineral  matters  in  dyestuffs,  512 
Moisture  in  dyestufis,  512 
IVIonesia-bark,  47 
Monohydroxyantliraquinones,  234 
Mordants,  10*5 
Mordant  dyes,  103 
Moric  acid,  441 
Morin,  441 

Morintannic  acid,  23,  442 
Muscarin,  349,  356 
Myrabolams,  47,  52,  63 

Nankin,  364 
Naphthalene  red,  335 

rose,  335 

scarlet,  335 
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Naphthalene  violet,  372 

yellow,  129 
Naphthamein,  372 
Naplithazarin  S,  250 
Naphthazine  blue,  342 
Naphthine  brown  L.  172 

B,  172 
Naphthionic  red,  161 
JS'aplithocyanin,  200 
Naphthol  black,  184 
3B,  184 
6  B,  185,  192 
4  R,  185 
blue,  331 

B,  349 
D,  348 
R,  348 
black,  192 
green  B,  136 
orange,  152 
yellow,  110,  129 

examination  of,  129 
S,  110,  132 
Naphthorubin,  168 
Naphthyl  blue  2  B,  210 
Naphthvlamine  black  D,  192 
blue,  348 
brown,  164 
red,  190 
Narcein,  153,  156 
Neutral  blue,  340 

coloring  matters,  103 
red.  333 
violet,  333 
New  blue,  348 

B,  349 
G,  349 
R,  348 
coccin,  160 

fast  blue  for  cotton,  348 

green  3  B,  298 
gray,  376 
green,  297 

methylene  blue  GO,  556 
N,  360 
gray  B,  376 
G,  -376 

pink,  320 
red,  200 

L.  190 
solid  green  BB,  298 
Victoria  bhie,  302 
green,  297 
yellow,  110,  151,  161 
L,  161 
Nicholson's  bhie,  288 
Night  blue,  2',»1.  302 

green,  296 
Nigramin,  346 


Nigrisine,  376 

Nigrosine,  water  soluble,  339 
Nile  blue  A,  349,  356 
Nitrazol  dyes,  162 
Nitro-azobenzene,  142 
Nitrocresols,  126 
Nitrodiphenylamines,  132 
Nitrodyestutis,  108 
Nitronaphthols,  128 
Nitronaptliol  sulphonic  acids,  131 
Nitrophenols,  108,  113 
Nitrophenol  sulphonic  acid,  126 
Nitrosamine  red,  110,  125 
Nitroso-coloring  matters,  133 
Nopalin,  320 
Nut-galls,  51 

Oak-bark,  47 

-galls,  51 

-tannin,  42 

-red  tannin,  42 

-wood  extract,  64 
Old  fustic,  441 
Opal  blue,  286 
Orange  I,  152,  155 

II,  152,  161 

III,  158 

IV,  151 
B,  152 

G,  152,  155 

GG,  152 

GRX,  152 

GS,  151 

GT,  152 

M,  151 

MN,  151 

N,  154,  160 

No.  3.  153,  156 

R,  2  R,  RN,  152 

T,  152 

^V,  151 

red  I,  168 

yellow,  152 
Orcein,  413 
Orcelline.  168 
Orchil,  413 

red  A,  190 
Orcin,  412 
Orcinol,  412 
Orellin,  452 
Oriol  yellow,  153,  156 
Orseilie,  413 
Orseillin  2  B,  181,  190 
Orsellic  acid,  410 
Orsellinic  acid,  411 
Ortho-mononitrophenol,  112 
Osyritrin,  69 
Oxamine  blue  3  R,  216 

violet,  208 
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Oxazines,  348 
Oxy-azobenzene,  142 
Uxy-ketones,  230 
Uxy-pheiiine,  371 
gold,  371 

Palatine  orange,  110 

red,  108 

scarlet,  166 
Palmetto,  55 
l^ara  blue,  344 
Paraleucauiline,  268 
Para-mononitrophenol,  112 
Para-nitraniline  red,  172 
Paraplienvlene  blue  E,  342 

violet,  344 
Pararosaniline,  268 

blue,  285 
Pararosolic  acid,  268,  310 
Parasulpliurine  S,  198 
Paris  green,  295 

violet,  291 

6  B,  293 

7  B,  293 
Parma  violet,  294 
Pastel,  378 

Patent  blue  A,  302 

phospliin,  368 
Peach  wood,  429 
Pectase,  20 
Pegu  cutch,  50 
Pelican  blue,  339 
Peonin,  312 
Perkin's  green,  297 

purple,  336 
Persian  berries,  447 

yellow,  153,  156 
Phenanin,  336 
Phenanthrene  red,  140 
Plienatol  red,  164 
Phenooyanine,  358 
Phenoflavin,  172 
Phenolphthalein,  314 

as  an  indicator,  315 
Phenosafranine,  340 
Phenyl-amido-azobenzene,  147 

violet,  294 
Phenvlene  blue.  348 

brown,  183,  186 
Philadelphia  yellow  G,  364 
Phlobaphenes,  21,  26 
Phloretin,  29 
Phloroglucin,  30 
Phloroglucol,  20,  28,  30,  65 

tannin,  recognition  of,  29 
Phloxin,  320 

P,  320 

TA,  320 
Phosphine,  364,  366 


Phosphine  II,  364 

M,  364 

P,  364 
Phthaleins,  314 
Picramic  acid,  116 
Picric  acid,  110,  112 

detection  of,  115 

detection  of  impurities  in,  121 

determination  of,  115 
night  blue,  117 
Picrocrocin,  449 
Picro-erythrin,  410 
Pigment  brown,  149 
Pin  oak,  66 

Poirrier's  orange  111,  151 
MN,  159 

tropaeolin  D,  158 
Polychromine,  369 

B,  218 
Pomegranate-rind,  64 

-tannin,  23 
Pomona  green,  296 
Ponceau  B.  190 

4  BG,  149 

G,  166 

2G,  152,  164 

4  GB,  152 
GT,  152 
2R,  164 

3R,  164,  179  * 
5R,  188 
611,  168 
3IIB,  190 
4BB,  178,  190 
6BB,  179,  190 
RR,  188 
RT,  152,  166 
S,  179 

5  extra,  190 

SS,  179,  181,  188 
Potassium  picrate,  124 
Praeger  alizarin  yellow  G,  170 
R,  172 

Primula,  294 
Primuline,  369 

base,  constitution  of,  369 
Printing  blue  B,  339 
H,  336 
R,  339 
Pruim  bast,  60 
Protocatechuic  acid,  65 
formula  of,  34 

separation  of,  from  gallic  acid,  29 
Prune,  348,  356 
Pure  blue,  287 

BSI,  285 
Purpurin,  241,  250,  336 

derivatives  of,  242 
Pyramine  orange,  210 
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Pyrogallol,  65 
Pyronine  B,  267 

G,  267 
Pyrosin  B,  319 
Pyrotine  REO,  168 

Quebrachitannic  acid,  23 
Quebracho,  54 

-extract,  47,  61 

-wood,  47 
Quercetin,  439 
Quercitannic  acid,  23,  40 

formula  of,  34 
Quercitrin,  437 
Quercitron  bark,  60,  437 
Quinoline  blue,  362 

dyestuffs,  360 

red,  362,  366 

yellow,  362,  366 
Quinoximes,  133 

Ratanhia,  47 

tannin,  23 
Recognition  of  dyes  on  fibres,  519 
Red  archil,  414 

B,  149 

corallin,  312 

dyed  fibres,  examination  of,  520 

Sanders,  433 

violet  5  R  e!5tra,  294 

4  RS,  294,  304 

5  RS,  294,  304 
wood  dyes,  422 

Reduced  indigo,  384 
Regina  purple,  294,  304 

violet,  294,  304 
Resinate  colors,  102 
Resorcin  blue,  358 

brown,  182,  186 

green,  134 

yellow,  152,  155 
Rhamnetin,  447 
Rhodamine  B,  3  B,  328,  330 

G,  6  G,  328,  330 

O,  330 

S,  328,  330 
Roccelllne,  166 
Rf)ck  scai-let  YS,  220 
Rosana])hlhylarnine,  335 
Rosaniline  blue,  preparation  and  prop 
ertics  of,  286 

compounds,  268 

salts  of,  275 
Rosaurin,  310 
Rosazin,  346 
Rosazurin  B,  212 
Rosazurin  G,  212 
Rose  J  B,  321 

bengal e,  320 


Rose  bengale  AT,  320 
G,  320 
N,  320 

de  benzoyl,  172 
Roseine,  274 
Rosindulin  '2  B,  346 

G,  2  G,  346 
Rosolane,  336,  342 
Rosolic  acid  derivatives,  310 
Rouge  M,  208 
Rove,  47 
Roxamine,  170 
Rubeosin,  320 
Ruberythric  acid,  235 
Rubianic  acid,  235 
Rubidine.  166 
Rubine,  274 

S,  283 
Rubramin,  344 
Rufigallol,  252 
Russian  green,  134 

Safflower,  435 
Safraniline,  330 
Safranines,  333,  340 
Safj-anine  AG,  334 

AGT,  extra,  334 

B,  340 

FF,  334 

extra  G,  334 

GGS,  334 

GOOO,  334 

NN,  342 

S,  334 

scarlet,  266 

T,  334 
Saffron,  448 

adulterations  in,  450 

surrogate,  128 
Safrosin,  320 
Salicyl  orange,  110 

yellow  A,  110 
Snlitannic  acid,  23 
Salmon  pink,  319 

red,  220 
Sandal  wood,  432 
Sanders  wood,  433 
Sanlal  wood,  432 
Santalin,  432 
Sapan  wood,  429 
Saxony  blue,  388 
Scarlet  3  B,  179 

G,  166 

2  G,  164 

GR,  152,  166 

GT,  164 

J,  JJ,  320 

R,  152,  104,  166,  177 
2  R,  164 
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Scarlet  3  R,  4  K,  179 

6  R,  168 

S,  179,  18i 

V,  320 

-oak,  66 
Silk  blue,  289 
Silver  tree,  61 
Skens,  62 

Sloeline  BS,  ES,  339 
Smaragd  green,  298 
Sodium  picrate,  125 

sulphate  in  dyestuffs,  513 
Solferino,  274 
Solid  green,  134,  135,  297 
J,  JJO,  298 
O,  297 

yellow  S,  157 
Soluble  alizarin,  247 

blue,  240 

blue,  287 

8  B,  10  B,  285 
CB,  339 
XG,  302 
NL,  285 

eosin,  318 

indigo,  387 

primrose,  320 
Soudan  I,  II,  III,  149 

G,  148 

brown,  149 
Spanish  oak,  66 
Spirit  blue,  286 

2  B,  3  B,  5  B,  6  B,  286 

eosin,  321 

primrose,  321 

yellow  R,  172 
Stainless  extracts,  72 
Starch  in  dyestuffs,  514 
St.  Denis  black  V,  375 

red,  220 
Stilbene  red,  218 
Styphnic  acid,  113 
Substantive  dves,  104 
Sudan  III,  182,  186 

red,  335 
Sugar-bush,  61 
Sugar-content  of  tannins,  95 

in  dyestuffs,  514 
Sulphamine  brown  A,  B,  172 
Sulphanaphthol  orange,  152 
Sulphanil  yellow,  198 
Sulphindigotic  acid,  386 
Sulphine,  369 

Sulphonated  aniline  blues,  287 

azo-compounds,  149 

indulines,  339 
Sulphone  azurine,  204 
Sulphonic  acids,  103 
Sulphopurpuric  acid,  385 


Sumac,  47,  53,  63 

adulteration,  detection  of,  97 

-tannin,  23 

formula  of,  34 
Sun  gold,  110,  131 

yellow,  137 
Swamp  white  oak,  66 
Synthetic  indigo,  390  , 

Talwaan,  62 
Tamarisk-galls,  47 
Tan  liquors,  decolorizing  of,  72 
examination  of,  93 
Tannacetacetic  ether,  31 
Tannic  acid  in  plants,  43 

acids,  17 
Tannin,  action  of  glycerin  on,  31 

reducing  agents  on,  32 
alterations  in,  31 
colorimetric  determination  of,  90, 
93  ^ 

detection  of,  in  colored  extracts, 
92 

determination  of,  with  ammonio- 
sulphate  of  nickel,  89 

determination  of,  with  bleaching 
powder,  90 

determination  of,  with  cincho- 
nine,  90 

determination  of,  with  gelatin,  87 

determination  of,  with  iodine,  91 

determination  of,  with  lead  car- 
bonate, 89 

determination  of,  with  methyl 
violet,  89 

determination  of,  with  methylene 
blue,_  87,92 

determination  of,  with  tartar- 
emetic,  89 

Dreaper's  method  of  estimating, 
91 

estimation  of,  in  wine,  85,  92 

with  silk,  92 
fermentation  of,  32 
Guenez's  method  of  estimating,  91 
molecular  weight  of,  34 
optical  activity  of,  20 
oxidation  of,  31 
preservation,  32 
production  of,  in  plants,  20 
spectrum  of,  34 

-analysis,  ammonio-copper  pro- 
cess, 82 
hide  powder  method,  83 
Lowenthal's  method  of,  73 
oxidation  method  of,  73 

heliotrope,  336 

materials,  qualitative  recognition 
of,  55,  58 
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Tannin  materials,  sampling  of,  70 
extraction  of,  71 
percentage  of  tannin  in,  47 

Tannins,  17 

action  of  acetacetic  ether  on,  31 
dilute  acids  on,  25 
fused  alkali  on,  28 
heat  on,  24 
analysis  of,  69 
coloring  matters  in,  69 
comparative  table  of,  22 
constitution  of,  20 
description  and  general  proper- 
ties of,  17 
distinction  between  alcoholic  and 

aqueous,  22 
dyeing  properties  of,  68 
extraction  of,  18 

action  of  boiling  acids  on, 
19 

isolation  of,  19 

reactions  of,  24 

reaction  with  iron  salts,  21 

table  of  natural,  23 
Tannin-yielding  materials,  46 
Tartrazin,  139 

Tea,  determination  of  tannin  in,  88 
Tengah  bark,  59 
Terra  cotta  F,  186 
R,  170 

japonica,  49 
Tetrahydroxyanthraquinones,  234 
Tetrazo  brown,  182 

coloring  matters,  140 

dyes,  178 
Thaun  leaf,  59 
Thiazines,  352 
Thiazol  dyestuffs,  368  ' 

yellow,  153 
Thiobenzyl  dyestuffs,  368 
Thiocarmine  R,  360 
Thiocatechine,  374 

S,  375 
Thiochroraogene,  369 
Thioflavine  T,  368 

S,  369 
Thionine  blue  G,  355 
GO,  358 
O  extra,  355 
Thiophosphine  J,  371 
Thiorubine,  168 
Thorn  tree,  61 
Toluidine  blue  O,  360 
Toluylene  brown,  186 
G,  208 

Toluylene  blue  B  for  cotton,  342 
orange  (r,  212 
R.  212, 
RR,  208 


Toluylene  red,  333 
Tormentil  tannin,  23 
Tri br omo -ph lo roglucol ,  30 
Trihydroxyanthraquinones,  234,  241 
Triphenylmethane  coloring  matters,  264 
Triphenyl-rosaniline  disulphonic  acid, 
289 

monosulphonic  acid,  287 
trisulphonic  acid,  289 
Tropseolin.  159 
G,  151 
O,  149 
00,  151 
000,  152 
0000,  152,  166 
R,  152 

Y,  148,  152,  155 

orange  D,  151 
Turkey-galls,  51 
Turmeric,  458 
Turmerin,  153 
Turwar  bark,  59 
Tyralin,  336 
Tyrian  purple,  336 

Ulmotannic  acid,  23 
Urania  blue,  376 
Uranin,  317 
Ursol  D,  374 
P,  374 
Usebe' s  green,  363 
Usnic  acid,  410 

Valonia,  21,  47,  53, -64 

tannin,  23 
Victoria  black  B,  192 

blue  B,  290,  302 

BS,  290,  302 
R,  4  R,  302 

green  3  B,  298,  308 

orange,  128 

red,  214 

violet  4  BS,  172 

yellow,  110 
Vidal  black,  375 
Violamin  B,  328 

G,  328,  331 

R,  2  R,  328,  331 
Violaniline,  337 
Violein,  336 

Violet  6  B,  5  B,  7  B,  293 
C,  293 

R,  RR,  5  R,  294 

4  RN,  294 

black,  192 
Vermilionette,  319 
Volumetric  analysis  of  dyestuffs,  515 

Waagenboom,  61 
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Water  blue,  287 

B,  6  B,  287 
BS,  287 
00,  287 

Wattle,  47 

Weingiirtner's  tables,  481 
Weld,  446 
White  bark,  62 

indophenol,  332 

oak,  66 
Willow  bark,  47,  61 

oak,  66 

Wine,  determination  of  tannin  in,  82 

Woad,  378 

AVool  black,  184,  190 

blue  S,  294 

green  S,  308 
Wool  scarlet  R,  164 

violet  S,  172 


Writing  inks,  566 

analysis  of,  567 

Xanthin,  364 
Xanthoproteic  acid,  112 
Xanthorhamnin,  447 
Xylidine  red,  161,  177 
scarlet,  162,  164 

Yellow  N,  160 

OO,  151 

T,  152 

W,  151 

berries,  447 

corallin,  311,  313 

fast-to-soap,  153,  156 

fat  color,  172 
Young  fustic,  444 
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Plate  of  Spectra.  Cloth,  net,  $1.75 


Special  Catalogues  of  Books  on  Chemistry,  Hygiene,  Pharmacy,  Medicine,  Den- 
tistry, and  Nursing  sent  free  on  application.    Correspondence  solicited. 
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BOOKS  FOR  CHEMISTS  AND  MANUFACTURERS. 


CONGDON.  Laboratory  Instructions  in  General  Chem- 
istry. By  Ernest  A.  Congdon,  Professor  of  Chemistry  in  the 
Drexel  Institute,  Philadelphia;  Member  American  Cheniical  Soci- 
ety; Fellow  London  Chemical  Society,  etc.    Illustrated.    In  Press. 

ULZER  AND  FRAENKEL.  Introduction  to  Chemical- 
Technical  Analysis.  By  Prof.  F.  Ulzer  and  Dr.  A. 
Fraenkel,  Directors  of  the  Testing  Laboratory  of  Ihe  Royal 
Technological  Museum,  Vienna.  Authorized  Translation  by 
Hermann  Fleck,  nat.  sc.  d.  ,  Instructor  in  Chemistry  in  the  John 
Harrison  Laboratory  of  Chemistry,  University  of  Pennsylvania. 
With  an  Appendix  by  the  Translator  relating  to  Food-Stuffs, 
Asphaltum,  and  Paint.    12  Illustrations.    8vo.         Cloth,  $1.25 

With  a  view  to  increasing  its  usefulness  as  a  text-book  and  laboratory  guide, 
the  translator  has  added  descriptions  of  the  analysis  of  typical  food-stufl's  and 
other  important  products. 

BLOXAM.  Chemistry — Inorganic  and  Organic.  With  Ex- 
periments. By  Charles  L.  Bloxam.  Edited  and  Revised  by  J. 
M.  Thompson,  Professor  of  Chemistry  in  King's  College,  London, 
and  A.  G.  Bloxam,  Head  of  Chemistry  Department,  The  Gold- 
smith Institute,  London.  Eighth  Edition,  Enlarged.  281  Engrav- 
ings, 20  of  which  are  new.    8vo.      Cloth,  $4.25;  Leather,  $5.25. 

This — the  eighth  —  edition  has  been  very  thoroughly  revised.  Many  changes 
have  been  made,  though  the  general  arrangement  remains  the  same.  The  sec- 
tions on  exj)losives,  to  which  the  v^^ork  owes  considerable  reputation,  have  been 
carefully  gone  over.  It  is  in  some  respects  more  thorough  and  complete  than  any 
other  work. 

BARTLEY.     Medical   and   Pharmaceutical  Chemistry. 

By  E.  H.  Bartley,  m.d..  Professor  of  Chemistry  and  Toxicology 
at  the  Long  Island  College  Hospital;  Dean  and  Professor  of 
Chemistry,  Brooklyn  College  of  Pharmacy;  Chief  Chemist,  Boai'd 
of  Health  of  Brooklyn.  Fifth  Edition,  Revised  and  Enlarged. 
92  Illustrations  and  Glossary.    12mo.  Cloth,  $3.00 

"  This  excellent  book  contains,  in  the  most  concise  form,  all  the  knowledge 
of  medical  and  pharmaceutical  chemistry.  The  present  edition  has  been  greatly 
enlarged,  and  a  new  chapter  on  Physiological  and  Clinical  Chemistry  added.  .  .  . 
Thp  whole  book  reads  admirably  well  and  deserves  the  highest  recommendation." 
— N.  Y.  Medical  Record. 

Clinical  Chemistry.  The  Chemical  Examination  of  the 
Saliva,  Gastric  Juice,  Feces,  Milk,  Urine,  etc.,  with  notes  on 
Urinary  Diagnosis,  Volumetric  Analysis,  and  Weights  and 
Measures.    Illustrated.    12mo.  Cloth,  $1.00 


The  prices  of  these  books  are  net.    No  discount  allowed  retail  purchasers. 


BOOKS  FOR  CHEMISTS  AND  MANUFACTURERS. 


TRAUBE.  Physico-Chemical  Methods.  By  Dr.  J.  Traube, 
Privatdocent  iu  the  Technical  High  School  of  Berlin.  Authorized 
Translation  by  W.  L.  Hardin,  Ph.  D.,  Instructor  in  Chemistry, 
University  of  Pennsylvania.    97  Illustrations.    8vo.  Cloth,  $1.50 

"  Dr.  Traube's  book  should  certainly  be  welcomed  by  us  all  on  account  of  the 
clear  and  concise  exposition  he  has  ^iven  us  of  the  most  important  of  physico- 
chemical  methods.  The  value  of  this  book  is  further  enhanced  by  a  number  of 
good  cuts,  which  aid  one  in  obtaining  a  clear  idea  of  the  methods  under  discus- 
sion. The  book  has  been  carefully  edited,  and  the  typography  is  good." — The 
Journal  of  the  Worcester  Polytechnic  Institute. 


CALDWELL.  Chemical  Analysis.  Elements  of  Qualitative 
and  Quantitative  Chemical  Analysis.  By  G.  C.  Caldwell,  b.s., 
PH.D.,  Professor  of  Agricultural  and  Analytical  Chemistry  in 
Cornell  University,  Ithaca,  New  York,  etc.  Third  Edition.  Re- 
vised and  Enlarged.    Octavo.  Cloth,  $1.50 

This  book  has  been  extensively  used  in  American  Schools  and  Colleges,  and 
needs  no  special  introduction.  Written  to  supply  Prof.  Caldwell's  need  in  his  own 
work,  it  is  an  eminently  practical  and  complete  text-book. 

HOLLAND.  The  Urine,  the  Gastric  Contents,  the  Com- 
mon Poisons,  and  the  Milk.  Memoranda,  Chemical  and 
Microscopical,  for  Laboratory  Use.  By  J.  W.  Holland,  m.d.. 
Professor  of  Medical  Chemistry  and  Toxicology  in  Jefferson  Med- 
ical College,  Philadelphia.  Sixth  Edition,  Enlarged.  Illustrated 
and  Interleaved.    12mo.  Cloth,  $1.00 


LEFFMANN.  Compend  of  Medical  Chemistry,  Inorganic 
and  Organic.  Including  Urine  Analysis,  Chemistry  of  Tissues  and 
Secretions,  Table  of  Symbols,  Valencies,  Atomic  Weights,  etc.  By 
Henry  Leffmann,  m.d..  Professor  of  Chemistry  and  Metallurgy  in 
the  Pennsylvania  College  of  Dental  Surgery  and  in  the  Wagner 
Free  Institute  of  Science,  Philada. ;  Professor  of  Chemistry,  Wo- 
man's  Medical  College  of  Pennsylvania,  etc.    Fourth  Edition. 

Cloth,  .80;  Interleaved  for  the  addition  of  Notes,  SI. 25 

The  Coal-Tar  Colors,  with  Special  Reference  to  their  Injurious 
Qualities  and  the  Restrictions  of  their  Use.  A  Translation  of 
Theodore  Weyl's  Monograph.    12mo.  Cloth,  $1.25 

Structural  Formulae  for  the  Use  of  Students.  Containing 
180  Structural  and  Stereo-Chemic  Formulae.  12mo.  Inter- 
leaved. Cloth,  $1.00 


The  prices  of  these  books  are  net.    No  discount  allowed  retail  purchasers. 


BOOKS  FOR  CHEMISTS  AND  MANUFACTURERS. 


CLOWES   AND    COLEMAN.      Quantitative  Analysis. 

Adapted  for  the  Use  of  the  Laboratories  of  Schools  and  Colleges. 
By  Frank  Clowes,  sc.d.,  Emeritus  Professor  of  Chemistry,  Univer- 
sity College,  Nottingham,  and  I.  Bernard  Coleman,  Assoc.  R.  C. 
Sci.,  Dublin,  Professor  of  Chemistry,  Southwest  London  Polytech- 
nic.   Fifth  Edition.    122  Illustrations.    Just  Ready.  Cloth,  $3.50 

OETTEL.      Practical   Exercises   in  Electro-Chemistry. 

By  Dr.  Felix  Oettel.  Authorized  Translation  by  Edgar  F. 
Smith,  m.a..  Professor  of  Chemistry,  University  of  Pennsylvania; 
Translator  of  Richter's  Chemistries,  etc.    Illustrated.    Cloth,  .75 

Introduction  to  Electro-Chemical  Experiments.  Illus- 
trated.   By  same  Author  and  Translator.  Cloth,  .75 

SMITH.  Electro-Chemical  Analysis.  By  Edgar  F.  Smith, 
Professor  of  Chemistry,  University  of  Pennsylvania.  Second 
Edition.    Enlarged.    28  Illustrations.    12mo.  Cloth,  $L25 

This  book  has  recently  been  translated  into  German  by  Dr.  Max  Ebeling 
of  Berlin,  and  into  French  by  Prof.  J.  Rosset. 

"  The  greatest  advantage  of  the  electrolytic  method  of  analysis  is  its  sim- 
plicity. We  do  not  require  to  introduce  materials  the  purity  of  which  often  leaves 
something  to  be  desired,  and  which  have  to  be  again  removed,  frequently  at  the 
cost  of  much  time  and  trouble.  Hence,  where  available,  the  electrolytic  method 
of  analysis  possesses  an  indisputable  advantage.  We  hope  that  Prof.  Smith's 
little  work  will  call  increased  attention  to  this  branch  of  mineral  analysis." — 
Chemical  News,  London. 

"  Chemists  will  find  this  little  book  an  excellent  guide  to  a  knowledge  of  the 
methods  of  quantitative  analysis  by  electrolysis." — American  Chemical  Journal, 
Baltimore,  3Id. 

MUTER  Practical  and  Analytical  Chemistry.  By  John 
Muter,  f.r.s,  f.c.s.,  etc.  Second  American  from  the  Eighth 
English  Edition.  Revised  to  meet  the  requirements  of  American 
Medical,  Pharmaceutical  and  Dental  Colleges.    56  Illustrations. 

Cloth,  $1.25 

"  The  editor  has  made  only  such  changes  as  were  required  to  adapt  the  book 
to  the  U.  S.  Pharmacopoeia,  except  in  the  chapter  on  urine  analysis,  which  has 
been  enlarged,  and  to  which  cuts  of  microscopic  sediments  and  other  illustrations 
have  been  added.  Several  other  processes  have  been  added,  such  as  estimation 
of  chloral  hydrate,  of  fat  in  milk,  etc." — The  Popular  Science  Monthly. 

TYSON.    Guide  to  the  Practical  Examination  of  Urine. 

Ninth  Edition.  By  James  Tyson,  m.d.  Professor  of  Medicine, 
University  of  Pennsylvania,  etc.  With  Colored  Plate  and  48 
Illustrations.    Ninth  Edition.    12mo.    276  pages.     Cloth,  SI.  25 


The  prices  of  these  books  are  net.    No  discount  allowed  retail  purchasers. 


BOOKS  FOR  CHEMISTS  AND  MANUFACTURERS. 


SMITH  AND  KELLER.  Experiments.  Arranged  for 
Students  in  General  Chemistry.  By  Edgar  F.  Smith,  Professor 
of  Chemistry,  University  of  Pennsylvania,  Translator  of  Richter's 
Chemistries,  etc.,  and  Dr.  H.  F.  Keller,  Professor  of  Chemistry, 
Philadelphia  High  School.    Third  Edition.    41  Illus.    Cloth,  .60 

"This  series  of  exercises,  based  on  the  authors'  experiences  with  their  own 
classes,  is  intended  to  accompany  any  convenient  text-book  of  inorganic  chem- 
istry;  but  reference  is  made  to  that  of  Richter.  Beginning  with  fundamental 
operations  (as  with  blowpipe,  glass  tubing,  balance,  and  graduates)  and  general 
principles  (as  the  difference  between  chemical  and  physical  change),  the  course 
proceeds  to  the  study  of  hydrogen  and  other  non-metals  in  Part  I,  followed  by  the 
metals  in  Part  II.  'Quantitative  rplations  are  well  presented  in  the  experimental 
work  and  stoichiometrical  problems,  as  in  determining  the  i/-equivalent  of  zinc, 
the  density  of  CI,  eudiometric  combustion  of  methane,  etc."- — Science. 

THRESH.  Water  and  Water  Supplies.  By  John  C. 
Thresh,  d.sc.  (London),  m.d.,  d.ph.  (Cambridge),  Medical 
Officer  of  Health  to  the  Essex  County  Council;  Lecturer  on  Public 
Health,  King's  College,  London;  Fellow  of  the  Institute  of  Chem- 
istry, etc.  Second  Eclition,  Revised.  Illustrated.  12mo.  438 
pages.  Cloth,  $2.00 

SUTTON.  Volumetric  Analysis,  a  Systematic  Handbook 
of;  or,  the  Quantitative  Estimation  of  Chemical  Substances  by 
Measure,  applied  to  Liquids,  Solids,  and  Gases.  Adapted  to  the 
requirements  of  Pure  Chemical  Research,  Pathological  Chemistry, 
Pharmacy,  Metallurgy,  Manufacturing  Chemistry,  Photography, 
etc.,  and  for  the  Valuation  of  Substances  used  in  Commerce,  Agri- 
culture, and  the  Arts.  By  Francis  Sutton,  f.c.s.  ,  f.i.c.  ,  Public 
Analyst  for  the  Count}^  of  Norfolk.  Eighth  Edition.  Revised 
and  Improved.    116  Illustrations.'    Just  ready.  Cloth,  $5.00 

"We  need  only  say  that  this  work  is  welcome  as  bringing  'Sutton's  Volu- 
metric Analysis '  down  to  date.  The  original  book  has  been  so  long  the  standard, 
and  is  so  well  known,  that  description  seems  hardly  necessary." — The  Scientific 
American. 

SYMONDS.  Manual  of  Chemistry,  for  Medical  Students. 
By  Brandreth  Symonds,  a.m.,  m.d.,  Ass't  Physician  Roosevelt 
Hospital,  Out-Patient  Department;  Attending  Physician  North- 
western Dispensary,  New  York.    Second  Edition.      Cloth,  $2.00 

SMITH.  Dental  Metallurgy.  A  Manual.  ,  By  Ernest  A. 
Smith,  f.c.s..  Assistant  Instructor  in  Metallurgy,  Royal  College  of 
Science,  London.    Illustrated.    12mo.  Cloth,  $1.75 

The  metals  in  common  use  in  dental  practice  are  each  described,  and  a 
special  chapter  is  devoted  to  the  question  of  Dental  Amalgams.  With  a  view 
of  rendering  the  book  as  practical  as  possible,  the  author  has  enumerated  a  list 
of  100  experiments." — The  Lancet,  London. 


The  prices  of  these  books  are  net. 


No  discount  allowed  retail  purchasers. 


TECHNOLOGICAL  BOOKS. 


GROVES   AND   THORP.    Chemical  Technology.  The 

Application  of  Chemistry  to  the  Arts  and  Manufactures.  Edited 
by  Charles  E.  Groves,  f.r.s.,  and  Wm.  Thorp,  b.sc,  f.i.c. 
With  numerous  Illustrations.    Each  volume  sold  separately. 

Vol.  I.  Fuel  and  Its  Applications.  By  Dr.  E.  J.  Mills, 
F.R.S.,  Professor  of  Chemistry,  Anderson  College,  Glasgow;  and 
Mr.  F.  J.  Rowan,  c.e.,  assisted  by  an  American  expert.  607 
Illustrations  and  4  Plates.      Cloth,  $5.00;  Half  Morocco,  $6.50 

"It  is  without  doubt  the  most  useful  and  comprehensive  book  in  the  English 
language  on  fuels,  and  is  a  valuable  acquisition  to  our  standard  books  of  refer- 
ence."— Journal  of  Franklin  Institute. 

"  It  covers  a  wide  range  of  knowledge,  and  should  be  at  the  elbow  of  every 
intelligent  and  progressive  manufacturer." — The  Iron  Trade  Review,  Cleveland. 

"  The  book  will  be  very  useful  for  reference,  and  should  be  of  especial  value 
to  the  inventors  and  experimenters  or  users  of  processes  or  appliances  for  the  com- 
bustion of  fuels,  since  in  it  can  be  found  a  record  of  a  large  part  of  the  methods 
heretofore  proposed  and  adopted.  Where  critical  remarks  are  made  they  appear 
to  be  judicious.  The  illustrations  are  very  numerous,  and  are  well  selected.  An 
immense  amount  of  information  has  been  crowded  into  these  closely  printed  802 
pages." — Engineering  and  Mining  Journal,  New  York. 

"  The  book  is  very  fully  illustrated,  as,  indeed,  the  nature  of  the  subject  re- 
quires, and  includes  a  large  number  of  tables  giving  fuel  statistics,  analyses  of 
different  fuels,  and  comparative  results." — The  Railroad  and  Engineering  Journal. 

Vol.  II.  Lighting.  Candles,  Oils,  Lamps,  etc.  By  W.  Y. 
Dent,  I.  McArthur,  L.  Field,  F.  A.  Field,  Boverton  Red- 
wood, and  D.  A.  Louis.    358  Illustrations.  Octavo. 

Cloth,  $4.00;  Half  Morocco,  $5.50 

Vol.  III.  Gas  Lighting.  By  Charles  Hunt,  Manager  of  the 
Birmingham  Corporation  Gasworks.    Illustrated.  Octavo. 

Cloth,  $3.50;  Half  Morocco,  $4.50 

Vol.  IV.    Electric  Lighting.  Preparing. 

GARDNER.  The  Brewer,.  Distiller,  and  Wine  Manu- 
facturer. Giving  full  Directions  for  the  Manufacture  of  Beers, 
Spirits,  Wines,  Liquors,  etc.,  etc.  A  Handbook  for  all  interested 
in  the  manufacture  and  sale  of  Alcohol  and  Its  Compounds.  Edited 
by  John  Gardner,  f.c.s..  Editor  of  ''Cooley's  Cyclopedia"  and 
Beasley's  Druggists'  Receipt  Book."    Illustrated.    Cloth,  $1.50 

"Trustworthy  and  valuable." — German  and  American  Brewers'  Journal. 
"  A  very  complete  handbook." — Boston  Journal  of  Chemistry. 

Bleaching,  Dyeing  and  Calico  Printing.  With  Formulae; 
a  chapter  on  Dye  Stuffs.    Illustrated.    12mo.         Cloth,  $L 50 

"  A  serviceable  manual." — Inventors'  and  Manufacturers'  Gazette. 


The  prices  of  these  books  are  net.    No  discount  allowed  retail  purchasers. 


BOOKS  FOR  CHEMISTS  AND  MANUFACTURERS. 


LEFFMANN.  Examination  of  Water  for  Sanitary  and 
Technical  Purposes.  Presenting  those  Processes  that  are  Most 
Trustworthy  and  Practical.  By  Henry  Leffmann,  m.d.,  Pro- 
fessor of  Chemistry  and  Metallurgy,  Pennsylvania  College  of 
Dental  Surgery;  Professor  of  Chemistry,  Woman's  Medical  College 
of  Pennsylvania,  etc.  Fourth  Edition.  Revised  and  Enlarged. 
Illustrated.    12mo.  Cloth,  $1.25 

"  This  is  a  well-compiled  and  useful  little  treatise." — London  Lancet. 

"An  admirable  digest  of  our  present  knowledge." — Journal  of  Analytical 
Chemistry. 

"  Especially  valuable  is  the  section  on  interpretation  of  results." — Railroad 
and  Engineering  News. 

BY  THE  SAME  AUTHOR. 

Analysis  of  Milk  and  Milk  Products.  Arranged  to  suit 
the  needs  of  Analytical  Chemists,  Dairymen,  and  Milk  Inspec- 
tors.   Second  Edition.    Enlarged.    12mo.  Cloth,  $1.25 

"  The  book  is  one  which  will  be  useful  in  the  hand  of  the  dairyman,  as  well 
as  in  the  hands  of  those  whose  duty  it  is  to  see  that  he  deals  fairly  with  his  cus- 
tomers."—  London  Sanitary  Record. 

CARPENTER.    The   Microscope  and   Its  Revelations. 

By  W.  B.  Carpenter,  m.d.,  f.r.s.  Eighth  Edition.  By  Rev. 
Dr.  Dallinger,  f.r.s.  Revised  and  Enlarged,  with  800  Illustra- 
tions and  21  Lithographs.    Octavo.    1100  pages.  Preparing. 

"  The  book,  therefore,  cannot  fail  to  be  of  value  to  chemists  and  others  at  iron 
works  intrusted  with  the  microscopical  examination  of  the  metals  with  which  they 
deal." — The  American  Manufacturer,  Pittsburgh. 

"  Every  one  who  has  a  microscope  will  need  also  Carpenter's  book  to  get  the 
most  out  of  his  instrument,  and  every  one  who  has  the  book  will  be  certain  to 
want  a  microscope." — Popular  Science  Monthly. 

"  The  book  is  more  than  ever  a  standard,  unrivaled  in  its  kind,  and  is  a 
necessity  to  every  one  who  pretends  to  any  scientific  use  of  the  microscope." — 
N'ew  York  Evening  Post. 

WETHERED.  Medical  Microscopy.  By  Frank  J.  Weth- 
ERED,  M.D.,  M.R.c.p.    With  100  Illustrations.  12mo. 

Cloth,  $2.00 

REEVES.  Medical  Microscopy.  Including  chapters  on 
Bacteriology,  Neoplasms,  Urinary  Examination,  etc.  By  James 
E.  Reeves,  m.d.,  Ex-President  American  Pubhc  Health  Associa- 
tion, etc.    Illustrated.    12mo.  Cloth,  $2.50 


The  prices  of  these  books  are  net.    No  discount  allowed  retail  purchasers. 


HYGIENE  AND  SANITARY  SCIENCE. 


NOTTER  AND  FIRTH.  The  Theory  and  Practice  of 
Hygiene.  A  complete  Treatise  b}^  J.  Lane  Notter,  m.a.,  m.d., 
p.c.s. ,  Fellow  and  Member  of  Council  of  the  Sanitary  Institute  of 
Great  Britain;  Professor  of  Hygiene,  Army  Medical  School;  Ex- 
aminer in  Hygiene,  University  of  Cambridge,  etc.,  and  W.  H. 
HoRROCKS,  M.B. ,  B.sc.  (Loud.),  Assistant  Professor  of  Hygiene, 
Army  Medical  School,  Netly.  Illustrated  by  15  Lithographic 
Plates  and  138  other  Illustrations,  and  including  many  Useful 
Tables.    Second  Edition,  Revised  and  Enlarged.  Octavo. 

Cloth,  S7.00 

The  standard  authority  in  the  United  States  and  British  Armies. 

PARKES.  Hygiene  and  Public  Health.  A  Practical  Manual. 
By  Louis  C.  Parkes,  m.d.,  d.p.h.,  London  Hospital;  Assistant 
Professor  of  Hygiene  and  Public  Health  at  University  College,  etc. 
Fifth  Edition,  Enlarged  and  Revised.    80  Illustrations.  12mo. 

Cloth,  $2.50 

"  Dr.  Parke's  experience  as  a  teacher  of  public  hygiene  has  enabled  him  to 
deal  with  the  whole  subject  in  a  practical  and  intelligible  manner." — The  Boston 
Medical  and  SurgicalJournal. 

STEVENSON  AND  MURPHY.    A  Treatise  on  Hygiene. 

Illustrated.  Edited  by  Thomas  Stevenson,  m.d.,  f.r.c.p.,  Lect- 
urer on  Chemistry  and  on  Medical  Jurisprudence  at  Guy's  Hos- 
pital, Official  Analyst  to  the  Home  Office;  and  Shirley  F.  Mur- 
phy, Medical  Officer  of  Health  to  the  County  of  London. 

Vol.  L  9  Plates.  186  Illustrations.  1013  pages.  Cloth,  $6.00 
Vol.  11.  45  Plates.  31  Illustrations.  847  pages.  Cloth,  $6.00 
Vol.  III.  Sanitary  Law.  459  pages.  Cloth,  $5.00 

EACH  VOLUME  SOLD  SEPARATELY. 

"  The  difiFerent  topics  are  fully  and  intelligently  treated,  especially  those 
which  relate  to  the  subjects  of  Ventilation,  Water,  Soil,  Food,  Physical  Education, 
the  Dwelling,  and  the  Disposal  of  Refuse.  The  work  is  fully  illustrated  with 
plates,  diagrams,  aud  wood-cuts,  and  pains  appear  to  have  been  taken  to  bring  the 
information  upon  each  topic  up  to  date." — The  Boston  Medical  aud  SurgicalJournal. 
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